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USER EQUIPMENT, BASE STATION AND METHOD

A user equipment (UE) is described. The UE

may comprise high-layer processing circuitry configured
to acquire at least a first RRC parameter for indicating
whether or not a transform precoder is enabled and a
second RRC parameter for indicating whether or not a
transform precoding indicator field is included in a DCI
format, reception circuitry configured to receive the DCI
format for scheduling of a PUSCH and transmission cir-
cuitry configured to transmit the PUSCH.
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Description
[Technical Field]

[0001] The present invention relates to a user equip-
ment, a base station and a method.

[Background]

[0002] In the 3rd Generation Partnership Project
(3GPP), a radio access method and a radio network for
cellular mobile communications (hereinafter, referred to
as Long Term Evolution, or Evolved Universal Terrestrial
Radio Access) have been studied. In LTE (Long Term
Evolution), a base station device is also referred to as an
evolved NodeB (eNodeB), and a terminal device is also
referred to as a User Equipment (UE). LTE is a cellular
communication system in which multiple areas are de-
ployed in a cellular structure, with each of the multiple
areas being covered by a base station device. A single
base station device may manage multiple cells. Evolved
Universal Terrestrial Radio Access is also referred as E-
UTRA.

[0003] Inthe3GPP,the nextgeneration standard (New
Radio: NR) has been studied in order to make a proposal
to the International-Mobile-Telecommunication-2020
(IMT-2020) which is a standard for the next generation
mobile communication system defined by the Interna-
tional Telecommunications Union (ITU). NR has been
expected to satisfy a requirement considering three sce-
narios of enhanced Mobile BroadBand (eMBB), massive
Machine Type Communication (mMTC), and Ultra Reli-
able and Low Latency Communication (URLLC), in asin-
gle technology framework.

[0004] For example, wireless communication devices
may communicate with one or more devices usinga com-
munication structure. However, the communication
structure used may only offer limited flexibility and/or ef-
ficiency. As illustrated by this discussion, systems and
methods that improve communication flexibility and/or
efficiency may be beneficial.

[Brief Description of the Drawings]
[0005]

Figure 1 is a conceptual diagram of a wireless com-
munication system according to an aspect of the
present embodiment;

Figure 2 is an example showing the relationship be-
tween subcarrier-spacing configuration u, the
number of OFDM symbols per slot NS'OtSymb, and the
CP configuration according to an aspect of the
present embodiment;

Figure 3 is a diagram showing an example of a meth-
od of configuring a resource grid according to an
aspect of the present embodiment;

Figure 4 is a diagram showing a configuration exam-
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ple of a resource grid 3001 according to an aspect
of the present embodiment;

Figure 5 is a schematic block diagram showing a
configuration example of the base station device 3
according to an aspect of the present embodiment;
Figure 6 is a schematic block diagram showing a
configuration example of the terminal device 1 ac-
cording to an aspect of the present embodiment;
Figure 7 is a diagram showing a configuration exam-
ple of an SS/PBCH block according to an aspect of
the present embodiment;

Figure 8 is a diagram showing an example of the
monitoring occasion of the search-space-setaccord-
ing to an aspect of the present embodiment;

Figure 9 is an example configuration of a frame struc-
ture according to an aspect of the present embodi-
ment;

Figure 10 is an example configuration of a slot con-
figuration according to an aspect of the present em-
bodiment;

Figure 11 is an example configuration of the base-
band unit 13 in the wireless transmission unit 10a
according to an aspect of the present embodiment;
Figure 12 is an example configuration of Encoder
12000 according to an aspect of the present embod-
iment;

Figure 13 is an example of the bit-selection proce-
dure according to an aspect of the present embodi-
ment;

Figure 14 is an example of a circular buffer according
to an aspect of the present embodiment;

Figure 15 is an example configuration of a process-
ing timeline according to an aspect of the present
embodiment;

Figure 16 is an example configuration of a process-
ing timeline according to an aspect of the present
embodiment;

Figure 17 is an example configuration of a third type
of PUSCH transmission in multiple slots according
to an aspect of the present embodiment;

Figure 18 is an example configuration of multiple in-
stances in a third type of PUSCH transmission in
multiple slots according to an aspect of the present
embodiment;

Figure 19 is an example of a method for a UE;
Figure 20 is an example of a method for a base sta-
tion;

Figure 21 is an example of an applicable PUSCH
time domain resource allocation for common search
space and DCI format 0_0 in UE specific search
space;

Figure 22 is an example of an applicable PUSCH
time domain resource allocation for DCI format 0_1
in UE specific search space scrambled with C-RNTI,
MCS-C-RNTI, CS-RNTI or SP-CSI-RNT];

Figure 23 is an example of an applicable PUSCH
time domain resource allocation for DCI format 0_2
in UE specific search space scrambled with C-RNTI,
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MCS-C-RNTI, CS-RNTI or SP-CSI-RNTI;

Figure 24 is an example of a default PUSCH time
domain resource allocation A for normal CP; and
Figure 25 is an example of a redundancy version for
PUSCH transmission.

[DETAILED DESCRIPTION]

[0006] A user equipment (UE) is described. The UE
may comprise high-layer processing circuitry configured
to acquire at least a first RRC parameter for indicating
whether or not a transform precoder is enabled and a
second RRC parameter for indicating whether or not a
transform precoding indicator field is included in a DCI
format, reception circuitry configured to receive the DCI
format for scheduling of a PUSCH, and transmission cir-
cuitry configured to transmit the PUSCH scheduled by
the DCI format, wherein in a case that the first RRC pa-
rameter indicates disabled and the second RRC param-
eter indicates that the transform precoding indicator field
is included in the DCI format, the transmission circuitry
is configured to apply a transform precoding for a trans-
mission of the PUSCH, based on a value of the transform
precoding indicator field in the DCI format.

[0007] A base station is described. The base station
may comprise higher-layer processing circuitry config-
ured to provide at least a first RRC parameter for indi-
cating whether or not a transform precoder is enabled
and a second RRC parameter for indicating whether or
not a transform precoding indicator field is included in a
DCI format, transmission circuitry configured to transmit
the DCI format for scheduling of a PUSCH, and reception
circuitry configured to receive the PUSCH scheduled by
the DCI format, wherein in a case that the first RRC pa-
rameter indicates disabled and the second RRC param-
eter indicates that the transform precoding indicator field
is included in the DCI format, the transmission circuitry
is configured to transmit the DCI format including the
transform precoding indicator field and the reception cir-
cuitry is configured to receive the PUSCH with a trans-
form precoding applied based on a value of the transform
precoding indicator field in the DCI format.

[0008] A method for a user equipment (UE) is de-
scribed. The method may comprise acquiring at least a
first RRC parameter for indicating whether or not a trans-
form precoder is enabled and a second RRC parameter
for indicating whether or not a transform precoding indi-
cator field is included in a DCI format, receiving the DCI
format for scheduling of a PUSCH, and transmitting the
PUSCH scheduled by the DCI format, wherein applying
a transform precoding for a transmission of the PUSCH,
based on a value of the transform precoding indicator
field in the DCI format, in a case that the first RRC pa-
rameter indicates disabled and the second RRC param-
eter indicates that the transform precoding indicator field
is included in the DCI format.

[0009] °'The available slot-based counting (PUSCH
repetition counting) is configured’ may be referred to as
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‘the slot-based counting (PUSCH repetition counting) set
to enabled is configured’ or ’'the slot-based counting
(PUSCH repetition counting) is enabled’ or 'an RRC pa-
rameter AvailableSlotCounting is enabled'.

[0010] 'The available slot-based counting (PUSCH
repetition counting) is not configured’ may be referred to
as 'the slot-based counting (PUSCH repetition counting)
set to disabled is configured’ or 'the slot-based counting
(PUSCH repetition counting) is disabled’ or 'an RRC pa-
rameter for indicating the available slot-based counting
(PUSCH repetition counting) is not configured’ or ’an
RRC parameter AvailableSlotCounting is disabled’.
[0011] floor (CX) may be a floor function for real
number CX. For example, floor (CX) may be a function
that provides the largest integer within a range that does
not exceed thereal number CX. ceil (DX) may be a ceiling
function to a real number DX. For example, ceil (DX) may
be a function that provides the smallest integer within the
range not less than the real number DX. mod (EX, FX)
may be a function that provides the remainder obtained
by dividing EX by FX. mod (EX, FX) may be a function
that provides a value which corresponds to the remainder
of dividing EX by FX. Itis exp (GX) = e * GX. Here, e is
Napier number. (HX) * (1X) indicates IX to the power of
HX.

[0012] In a wireless communication system according
to one aspect of the present embodiment, at least OFDM
(Orthogonal Frequency Division Multiplex) is used. An
OFDM symbol is a unit of time domain of the OFDM. The
OFDM symbol includes at least one or more subcarriers.
An OFDM symbol is converted to a time-continuous sig-
nal in baseband signal generation. In downlink, at least
CP-OFDM (Cyclic Prefix-Orthogonal Frequency Division
Multiplex) is used. In uplink, either CP-OFDM or DFT-s-
OFDM (Discrete Fourier Transform-spread-Orthogonal
Frequency Division Multiplex) is used. DFT-s-OFDM
may be given by applying transform precoding to CP-
OFDM. CP-OFDM is OFDM using CP (Cyclic Prefix).
[0013] Either DFT-s-OFDM or CP-OFDM may be giv-
en based whether or not transform precoder (or transform
precoding) is enabled. DFT-s-OFDM may be given if the
transform precoder (or transform precoding) is enabled.
CP-OFDM may be given if the transform precoder (or
transform precoding) is disabled. E.g. either enabled
transform precoder or disabled transform precoder for
PUSCH may be indicated based on RRC parameters
transformPrecoder in PUSCH-Config or Config-
uredGrantConfig and/or msg3-transformPrecoder in
RACH-ConfigCommon.

[0014] The RRC parameter transformPrecoder indi-
cates the UE specific selection of the transform precoder
fora PUSCH. If the transformPrecoder is absent/not con-
figured, the UE applies the value of the msg3-transform-
Precoder to the transform precoder for the PUSCH.
[0015] The msg3-transformPrecoderindicates thatthe
UE enables the transform precoder for Msg3 transmis-
sion. If the msg3-transformPrecoder is provided/config-
ured, the UE enables the transform precoder for the Msg3
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transmission. If the msg3-transformPrecoder is ab-
sent/not configured/not provided, the UE disables the
transform precoder for Msg3 transmission.

[0016] The OFDM symbol may be a designation in-
cluding a CP added to the OFDM symbol. That is, an
OFDM symbol may be configured to include the OFDM
symbol and a CP added to the OFDM symbol.

[0017] Figure 1 is a conceptual diagram of a wireless
communication system according to an aspect of the
present embodiment. In Figure 1, the wireless commu-
nication system includes at least terminal device 1A to
1C and a base station device 3 (BS # 3: Base station #
3). Hereinafter, the terminal devices 1A to 1C are also
referred to as a terminal device 1 (UE # 1: User Equip-
ment # 1).

[0018] The base station device 3 may be configured
to include one or more transmission devices (or trans-
mission points, transmission devices, reception devices,
transmission points, reception points). When the base
station device 3 is configured by a plurality of transmis-
sion devices, each of the plurality of transmission devices
may be arranged at a different position.

[0019] The base station device 3 may provide one or
more serving cells. A serving cell may be defined as a
set of resources used for wireless communication. A
serving cell is also referred to as a cell.

[0020] A serving cell may be configured to include at
least one downlink component carrier (downlink carrier)
and/or one uplink component carrier (uplink carrier). A
serving cell may be configured to include at least two or
more downlink component carriers and/or two or more
uplink component carriers. A downlink component carrier
and an uplink component carrier are also referred to as
component carriers (carriers).

[0021] For example, one resource grid may be provid-
ed for one component carrier. For example, one resource
grid may be provided for one component carrier and a
subcarrier-spacing configuration u. A subcarrier-spacing
configuration u is also referred to as numerology. A re-
source grid includes Nsze: Uy, NRB_ subcarriers. The
resource grid starts from a common resource block with
index Nstart.u ., The common resource block with the
index Nstart Ygrig is also referred to as a reference point
of the resource grid. The resource grid includes
Nsubframe, u. OFDM symbols. The subscript x indi-
cates the transmission direction and indicates either
downlink or uplink. One resource grid is provided for an
antenna port p, a subcarrier-spacing configuration u, and
a transmission direction x.

[0022] Resource grid is also referred to as carrier.
[0023] Nsize.u ., . and Nstart.u ., are given based at
least on an RRC parameter (e.g. referred to as RRC pa-
rameter CarrierBandwidth). The RRC parameter is used
to define one or more SCS (SubCarrier-Spacing) specific
carriers. One resource grid corresponds to one SCS spe-
cific carrier. One component carrier may comprise one
or more SCS specific carriers. The SCS specific carrier
may be included in a system information block (SIB). For
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each SCS specific carrier, a subcarrier-spacing configu-
ration u may be provided.

[0024] Figure2is an example showing the relationship
between subcarrier-spacing configuration u, the number
of OFDM symbols per slot NS'OtSymb, and the CP config-
uration according to an aspect of the present embodi-
ment. In Figure 2A, for example, when the subcarrier-
spacing configuration u is set to 2 and the CP configura-
tion is set to normal CP (normal cyclic prefix), NS'OtSymb
= 14, Nframe, Ugot = 40, Nsubframe, Ugot = 4. Further, in Fig-
ure 2B, for example, when the subcarrier-spacing con-
figuration u is set to 2 and the CP configuration is set to
an extended CP (extended cyclic prefix), N5'°tSymb =12,
Nframe, uSIot = 40, Nsubframe, ug|ot = 4.

[0025] In the wireless communication system accord-
ing to an aspect of the present embodiment, a time unit
T. may be used to represent the length of the time do-
main. The time unit T is T, = 1/ (df, 5 * Np). Itis df o,
=480 kHz. It is N; = 4096. The constant k is k = df,,,,, *
N¢/ (dfeNf rer) = 64. dfigris 15 kHz. N o is 2048.
[0026] Transmission of signals in the downlink and/or
transmission of signals in the uplink may be organized
into radio frames (system frames, frames) of length T. It
is T¢ = (df 5« Ni/ 100) * T = 10 ms. One radio frame is
configured to include ten subframes. The subframe
length is T¢s = (df,5xNs/ 1000) T = 1 ms. The number of
OFDM symbols per subframe is Nsubframe.u = =
Nslotsymszubframe, uslot-

[0027] For a subcarrier-spacing configuration u, the
number of slots included in a subframe and indexes may
be given. For example, slot index nYs may be given in
ascending order with an integer value ranging from 0 to
Nsubframe.u . -1 in a subframe. For subcarrier-spacing
configuration u, the number of slots included in a radio
frame and indexes of slots included in the radio frame
may be given. Also, the slot index n's ¢ may be given in
ascending order with an integer value ranging from 0 to
Nframeu . -1 in the radio frame. Consecutive Nsiot,
OFDM symbols may be included in one slot. Itis NS'OtSymb
=14,

[0028] Figure 3 is a diagram showing an example of a
method of configuring a resource grid according to an
aspect of the present embodiment. The horizontal axis
in Figure 3 indicates frequency domain. Figure 3 shows
a configuration example of a resource grid of subcarrier-
spacing configuration u = u4 in the component carrier
300 and a configuration example of a resource grid of
subcarrier-spacing configuration u = u, in a component
carrier. One or more subcarrier-spacing configuration
may be set for a component carrier. Although it is as-
sumed in Figure 3 that u; = uy-1, various aspects of this
embodiment are not limited to the condition of u; = u,-1.
[0029] The component carrier 300 is a band having a
predetermined width in the frequency domain.

[0030] Point 3000 is an identifier for identifying a sub-
carrier. Point 3000 is also referred to as point A. The
common resource block (CRB) set 3100 is a set of com-
mon resource blocks for the subcarrier-spacing configu-
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ration uy.

[0031] Among the common resource block-set 3100,
the common resource block including the point 3000 (the
block indicated by the upper right diagonal line in Figure
3) is also referred to as a reference point of the common
resource block-set 3100. The reference point of the com-
mon resource block-set 3100 may be a common re-
source block with index 0 in the common resource block-
set 3100.

[0032] The offset 3011 is an offset from the reference
point of the common resource block-set 3100 to the ref-
erence point of the resource grid 3001. The offset 3011
is indicated by the number of common resource blocks
which is relative to the subcarrier-spacing configuration
u4. The resource grid 3001 includes NSizengrim xcommon
resource blocks starting from the reference point of the
resource grid 3001.

[0033] The offset 3013 is an offset from the reference
point of the resource grid 3001 to the reference point
(Nstartug o 1) of the BWP (BandWidth Part) 3003 of the
index i1.

[0034] Common resource block-set 3200 is a set of
common resource blocks with respect to subcarrier-
spacing configuration u,.

[0035] A common resource block including the point
3000 (a block indicated by a upper left diagonal line in
Figure 3) in the common resource block-set 3200 is also
referred to as a reference point of the common resource
block-set 3200. The reference point of the common re-
source block-set 3200 may be a common resource block
with index 0 in the common resource block-set 3200.
[0036] The offset 3012 is an offset from the reference
point of the common resource block-set 3200 to the ref-
erence point of the resource grid 3002. The offset 3012
is indicated by the number of common resource blocks
for subcarrier-spacing configuration u = u,. The resource
grid 3002 includes NSizengridzyx common resource blocks
starting from the reference point of the resource grid
3002.

[0037] The offset 3014 is an offset from the reference
point of the resource grid 3002 to the reference point
(Nstartug o ) of the BWP 3004 with index i.

[0038] Figure 4 is a diagram showing a configuration
example of a resource grid 3001 according to an aspect
of the present embodiment. In the resource grid of Figure
4, the horizontal axis indicates OFDM symbol index Isym,
and the vertical axis indicates the subcarrier index k.
The resource grid 3001 includes Nsize:u .\, xNRB_ sub-
carriers, and includes Nsubframesu_ . OFDM symbols.
A resource specified by the subcarrier index kg and the
OFDM symbol index lgy, in a resource grid is also re-
ferred to as a resource element (RE).

[0039] A resource block (RB) includes NRB_ . consec-
utive subcarriers. A resource block is a generic name of
a common resource block, a physical resource block
(PRB), and a virtual resource block (VRB). It is NRB__ =
12.

[0040] A resource block unit is a set of resources that
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corresponds to one OFDM symbolin one resource block.
That is, one resource block unit includes 12 resource
elements which corresponds to one OFDM symbolinone
resource block.

[0041] Common resource blocks forasubcarrier-spac-
ing configuration u are indexed in ascending order from
0 in the frequency domain in a common resource block-
set. The common resource block with index O for the sub-
carrier-spacing configuration u includes (or collides with,
matches) the point 3000. The index nYgg of the common
resource block with respect to the subcarrier-spacing
configuration u satisfies the relationship of nU-gg = ceil
(kge / NRB_ ). The subcarrier with kg, = 0 is a subcarrier
with the same center frequency as the center frequency
of the subcarrier which corresponds to the point 3000.
[0042] Physical resource blocks for a subcarrier-spac-
ing configuration u are indexed in ascending order from
0in the frequency domain in a BWP. The index nYpgg of
the physical resource block with respect to the subcarrier-
spacing configuration u satisfies the relationship of n"Ysrg
= nUpgg + NStMtUR o . The Nstartug,, o sindicates the ref-
erence point of BWP with index i.

[0043] A BWHP is defined as a subset of common re-
source blocks included in the resource grid. The BWP
includes NSize. Ug\\p . common resource blocks starting
from the reference points Nstartug, .. A BWP for the
downlink component carrier is also referred to as a down-
link BWP. A BWP for the uplink component carrier is also
referred to as an uplink BWP.

[0044] Anantenna portis defined such thatthe channel
over which a symbol on the antenna port is conveyed
can be inferred from the channel over which another sym-
bol on the same antenna port is conveyed. For example,
the channel may correspond to a physical channel. For
example, the symbols may correspond to OFDM sym-
bols. For example, the symbols may correspond to re-
source block units. For example, the symbols may cor-
respond to resource elements.

[0045] Two antenna ports are said to be QCL (Quasi
Co-Located) if the large-scale properties of the channel
over which a symbol on one antenna port is conveyed
can be inferred from the channel over which a symbol on
the other antennaportis conveyed. The large-scale prop-
erties include one or more of delay spread, Doppler
spread, Doppler shift, average gain, average delay, and
spatial Rx parameters.

[0046] Carrier aggregation may be communication us-
ing a plurality of aggregated serving cells. Carrier aggre-
gation may be communication using a plurality of aggre-
gated component carriers. Carrier aggregation may be
communication using a plurality of aggregated downlink
component carriers. Carrier aggregation may be com-
munication using a plurality of aggregated uplink com-
ponent carriers.

[0047] Figure 5 is a schematic block diagram showing
a configuration example of the base station device 3 ac-
cording to an aspect of the present embodiment. As
shown in Figure 5, the base station device 3 includes at
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least a part or all of the wireless transmission / reception
unit (physical layer processing unit) 30 and the higher-
layer processing unit 34. The wireless transmission / re-
ception unit30includes at least a part or all of the antenna
unit 31, the RF unit 32 (Radio Frequency unit 32), and
the baseband unit 33. The higher-layer processing unit
34 includes at least a part or all of the medium access
control layer processing unit 35 and the radio resource
control (RRC) layer processing unit 36.

[0048] The wireless transmission / reception unit 30
includes at least a part of or all of a wireless transmission
unit 30a and a wireless reception unit 30b. The configu-
ration of the baseband unit 33 included in the wireless
transmission unit 30a and the configuration of the base-
band unit 33 included in the wireless reception unit 30b
may be the same or different. The configuration of the
RF unit 32 included in the wireless transmission unit 30a
and the configuration of the RF unit 32 included in the
wireless reception unit 30b may be the same or different.
The configuration of the antenna unit 31 included in the
wireless transmission unit 30a and the configuration of
the antenna unit 31 included in the wireless reception
unit 30b may be the same or different.

[0049] The higher-layer processing unit 34 provides
downlink data (a transport block) to the wireless trans-
mission / reception unit 30 (or the wireless transmission
unit 30a). The higher-layer processing unit 34 performs
processing of a medium access control (MAC) layer, a
packet data convergence protocol layer (PDCP layer), a
radio link control layer (RLC layer) and/or an RRC layer.
[0050] The medium access control layer processing
unit 35 included in the higher-layer processing unit 34
performs processing of the MAC layer.

[0051] The radio resource controllayer processing unit
36 included in the higher-layer processing unit 34 per-
forms the process of the RRC layer. The radio resource
control layer processing unit 36 manages various con-
figuration information / parameters (RRC parameters) of
the terminal device 1. The radio resource control layer
processing unit 36 configures an RRC parameter based
onthe RRC message received from the terminal device 1.
[0052] The wireless transmission / reception unit 30
(or the wireless transmission unit 30a) performs process-
ing such as encoding and modulation. The wireless trans-
mission / reception unit 30 (or the wireless transmission
unit 30a) generates a physical signal by encoding and
modulating the downlink data. The wireless transmission
/ reception unit 30 (or the wireless transmission unit 30a)
converts OFDM symbols in the physical signal to a base-
band signal by conversion to a time-continuous signal.
The wireless transmission / reception unit 30 (or the wire-
less transmission unit 30a) transmits the baseband signal
(or the physical signal) to the terminal device 1 via radio
frequency. The wireless transmission / reception unit 30
(or the wireless transmission unit 30a) may arrange the
baseband signal (or the physical signal) on a component
carrier and transmit the baseband signal (or the physical
signal) to the terminal device 1.
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[0053] The wireless transmission / reception unit 30
(or the wireless reception unit 30b) performs processing
such as demodulation and decoding. The wireless trans-
mission / reception unit 30 (or the wireless reception unit
30b) separates, demodulates and decodes the received
physical signal, and provides the decoded information to
the higher-layer processing unit 34. The wireless trans-
mission / reception unit 30 (or the wireless reception unit
30b) may perform the channel access procedure prior to
the transmission of the physical signal.

[0054] The RF unit 32 demodulates the physical signal
received via the antenna unit 31 into a baseband signal
(down convert), and/or removes extra frequency compo-
nents. The RF unit 32 provides the processed analog
signal to the baseband unit 33.

[0055] The baseband unit33 converts an analog signal
(signals on radio frequency) input from the RF unit 32
into a digital signal (a baseband signal). The baseband
unit 33 separates a portion which corresponds to CP (Cy-
clic Prefix) from the digital signal. The baseband unit 33
performs Fast Fourier Transformation (FFT) on the digital
signal from which the CP has been removed. The base-
band unit 33 provides the physical signal in the frequency
domain.

[0056] The baseband unit 33 performs Inverse Fast
Fourier Transformation (IFFT) on downlink data to gen-
erate an OFDM symbol, adds a CP to the generated
OFDM symbol, generates a digital signal (baseband sig-
nal), and convert the digital signal into an analog signal.
The baseband unit 33 provides the analog signal to the
RF unit 32.

[0057] The RF unit 32 removes extra frequency com-
ponents from the analog signal (signals on radio frequen-
cy) input from the baseband unit 33, up-converts the an-
alog signal to a radio frequency and transmits it via the
antenna unit 31. The RF unit 32 may have a function of
controlling transmission power. The RF unit 32 is also
referred to as a transmission power control unit.

[0058] At least one or more serving cells (or one or
more component carriers, one or more downlink compo-
nent carriers, one or more uplink component carriers)
may be configured for the terminal device 1.

[0059] Each of the serving cells set for the terminal
device 1 may be any of PCell (Primary cell), PSCell (Pri-
mary SCG cell), and SCell (Secondary Cell).

[0060] APCellisaservingcellincludedinaMCG (Mas-
ter Cell Group). A PCellis a cell (implemented cell) which
performs an initial connection establishment procedure
or a connection re-establishment procedure by the ter-
minal device 1.

[0061] A PSCell is a serving cell included in a SCG
(Secondary Cell Group). A PSCell is a serving cell in
which random-access is performed by the terminal de-
vice 1 in a reconfiguration procedure with synchroniza-
tion (Reconfiguration with synchronization).

[0062] A SCell may be included in either a MCG or a
SCG.
[0063] The serving cell group (cell group) is a desig-
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nation including atleast MCG and SCG. The serving cell
group may include one or more serving cells (or one or
more component carriers). One or more serving cells (or
one or more component carriers) included in the serving
cell group may be operated by carrier aggregation.
[0064] Oneormore downlink BWPs may be configured
for each serving cell (or each downlink component car-
rier). One or more uplink BWPs may be configured for
each serving cell (or each uplink component carrier).
[0065] Among the one or more downlink BWPs set for
the serving cell (or the downlink component carrier), one
downlink BWP may be set as an active downlink BWP
(or one downlink BWP may be activated). Among the one
or more uplink BWPs set for the serving cell (or the uplink
component carrier), one uplink BWP may be set as an
active uplink BWP (or one uplink BWP may be activated).
[0066] A PDSCH, a PDCCH, and a CSI-RS may be
received in the active downlink BWP. The terminal device
1 may receive the PDSCH, the PDCCH, and the CSI-RS
in the active downlink BWP. A PUCCH and a PUSCH
may be sent on the active uplink BWP. The terminal de-
vice 1 may transmit the PUCCH and the PUSCH in the
active uplink BWP. The active downlink BWP and the
active uplink BWP are also referred to as active BWP.
[0067] The PDSCH, the PDCCH, and the CSI-RS may
not be received in downlink BWPs (inactive downlink
BWPs) other than the active downlink BWP. The terminal
device 1 may not receive the PDSCH, the PDCCH, and
the CSI-RS in the downlink BWPs which are other than
the active downlink BWP. The PUCCH and the PUSCH
do not need to be transmitted in uplink BWPs (inactive
uplink BWPs) other than the active uplink BWP. The ter-
minal device 1 may not transmit the PUCCH and the
PUSCH in the uplink BWPs which is other than the active
uplink BWP. The inactive downlink BWP and the inactive
uplink BWP are also referred to as inactive BWP.
[0068] Downlink BWP switching deactivates an active
downlink BWP and activates one of inactive downlink
BWPs which are other than the active downlink BWP.
The downlink BWP switching may be controlled by a
BWP field included in a downlink control information. The
downlink BWP switching may be controlled based on
higher-layer parameters.

[0069] Uplink BWP switching is used to deactivate an
active uplink BWP and activate any inactive uplink BWP
which is other than the active uplink BWP. Uplink BWP
switching may be controlled by a BWP field included in
adownlink control information. The uplink BWP switching
may be controlled based on higher-layer parameters.
[0070] Among the one or more downlink BWPs set for
the serving cell, two or more downlink BWPs may not be
set as active downlink BWPs. For the serving cell, one
downlink BWP may be active at a certain time.

[0071] Among the one or more uplink BWPs set for the
serving cell, two or more uplink BWPs may not be set as
active uplink BWPs. For the serving cell, one uplink BWP
may be active at a certain time.

[0072] Figure 6 is a schematic block diagram showing
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a configuration example of the terminal device 1 accord-
ing to an aspect of the present embodiment. As shown
in Figure 6, the terminal device 1 includes at least a part
or all of the wireless transmission / reception unit (phys-
ical layer processing unit) 10 and the higher-layer
processing unit 14. The wireless transmission / reception
unit 10 includes at least a part or all of the antenna unit
11, the RF unit 12, and the baseband unit 13. The higher-
layer processing unit 14 includes at least a part or all of
the medium access control layer processing unit 15 and
the radio resource control layer processing unit 16.
[0073] The wireless transmission / reception unit 10
includes at least a part of or all of a wireless transmission
unit 10a and a wireless reception unit 10b. The configu-
ration of the baseband unit 13 included in the wireless
transmission unit 10a and the configuration of the base-
band unit 13 included in the wireless reception unit 10b
may be the same or different. The configuration of the
RF unit 12 included in the wireless transmission unit 10a
and the RF unit 12 included in the wireless reception unit
10b may be the same or different. The configuration of
the antenna unit 11 included in the wireless transmission
unit 10a and the configuration of the antenna unit 11 in-
cludedinthe wireless reception unit 10b may be the same
or different.

[0074] The higher-layer processing unit 14 provides
uplink data (a transport block) to the wireless transmis-
sion / reception unit 10 (or the wireless transmission unit
10a). The higher-layer processing unit 14 performs
processing of a MAC layer, a packet data integration pro-
tocol layer, aradio link control layer, and/or an RRC layer.
[0075] The medium access control layer processing
unit 15 included in the higher-layer processing unit 14
performs processing of the MAC layer.

[0076] The radio resource control layer processing unit
16 included in the higher-layer processing unit 14 per-
forms the process of the RRC layer. The radio resource
control layer processing unit 16 manages various con-
figuration information / parameters (RRC parameters) of
the terminal device 1. The radio resource control layer
processing unit 16 configures RRC parameters based
on the RRC message received from the base station de-
vice 3.

[0077] The wireless transmission / reception unit 10
(or the wireless transmission unit 10a) performs process-
ing such as encoding and modulation. The wireless trans-
mission / reception unit 10 (or the wireless transmission
unit 10a) generates a physical signal by encoding and
modulating the uplink data. The wireless transmission /
reception unit 10 (or the wireless transmission unit 10a)
converts OFDM symbols in the physical signal to a base-
band signal by conversion to a time-continuous signal.
The wireless transmission / reception unit 10 (or the wire-
less transmission unit 10a) transmits the baseband signal
(or the physical signal) to the base station device 3 via
radio frequency. The wireless transmission / reception
unit 10 (or the wireless transmission unit 10a) may ar-
range the baseband signal (or the physical signal) on a
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BWP (active uplink BWP) and transmit the baseband sig-
nal (or the physical signal) to the base station device 3.
[0078] The wireless transmission / reception unit 10
(or the wireless reception unit 10b) performs processing
such as demodulation and decoding. The wireless trans-
mission / reception unit 10 (or the wireless reception unit
10b) may receive a physical signal in a BWP (active
downlink BWP) of a serving cell. The wireless transmis-
sion / reception unit 10 (or the wireless reception unit
10b) separates, demodulates and decodes the received
physical signal, and provides the decoded information to
the higher-layer processing unit 14. The wireless trans-
mission / reception unit 10 (or the wireless reception unit
10b) may perform the channel access procedure prior to
the transmission of the physical signal.

[0079] The RF unit 12 demodulates the physical signal
received via the antenna unit 11 into a baseband signal
(down convert), and/or removes extra frequency compo-
nents. The RF unit 12 provides the processed analog
signal to the baseband unit 13.

[0080] Thebaseband unit13converts ananalog signal
(signals on radio frequency) input from the RF unit 12
into a digital signal (a baseband signal). The baseband
unit 13 separates a portion which corresponds to CP from
the digital signal, performs fast Fourier transformation on
the digital signal from which the CP has been removed,
and provides the physical signal in the frequency domain.
[0081] The baseband unit 13 performs inverse fast
Fourier transformation on uplink data to generate an
OFDM symbol, adds a CP to the generated OFDM sym-
bol, generates a digital signal (baseband signal), and
convert the digital signal into an analog signal. The base-
band unit 13 provides the analog signal to the RF unit 12.
[0082] The RF unit 12 removes extra frequency com-
ponents from the analog signal (signals on radio frequen-
cy) input from the baseband unit 13, up-converts the an-
alog signal to a radio frequency, and transmits it via the
antenna unit 11 The RF unit 12 may have a function of
controlling transmission power. The RF unit 12 is also
referred to as a transmission power control unit.

[0083] Hereinafter, physical signals (signals) will be
described.
[0084] Physical signal is a generic term for downlink

physical channels, downlink physical signals, uplink
physical channels, and uplink physical channels. The
physical channel is a generic term for downlink physical
channels and uplink physical channels.

[0085] An uplink physical channel may correspond to
a set of resource elements that carry information origi-
nating from the higher-layer and/or uplink control infor-
mation. The uplink physical channel may be a physical
channel used in an uplink component carrier. The uplink
physical channel may be transmitted by the terminal de-
vice 1. The uplink physical channel may be received by
the base station device 3. In the wireless communication
system according to one aspect of the present embodi-
ment, at least part or all of PUCCH (Physical Uplink Con-
trol CHannel), PUSCH (Physical Uplink Shared CHan-
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nel), and PRACH (Physical Random Access CHannel)
may be used.

[0086] A PUCCH may be used to transmit uplink con-
trolinformation (UCI). The PUCCH may be sentto deliver
(transmission, convey) uplink control information. The
uplink control information may be mapped to (or arranged
in) the PUCCH. The terminal device 1 may transmit
PUCCH in which uplink control information is arranged.
The base station device 3 may receive the PUCCH in
which the uplink control information is arranged.

[0087] Uplink control information (uplink control infor-
mation bit, uplink control information sequence, uplink
control information type) includes at least part or all of
channel state information (CSI), scheduling request
(SR), and HARQ-ACK (Hybrid Automatic Repeat request
ACKnowledgement).

[0088] Channelstate information is conveyed by using
channel state information bits or a channel state infor-
mation sequence. Scheduling request is also referred to
as a scheduling request bit or a scheduling request se-
quence. HARQ-ACK information is also referred to as a
HARQ-ACK information bit or a HARQ-ACK information
sequence.

[0089] HARQ-ACK information may include HARQ-
ACK status which corresponds to a transport block (TB:
Transportblock, MAC PDU: Medium Access Control Pro-
tocol Data Unit, DL-SCH: Downlink-Shared Channel, UL-
SCH: Uplink-Shared Channel, PDSCH: Physical Down-
link Shared CHannel, PUSCH: Physical Uplink Shared
CHannel). The HARQ-ACK status may indicate ACK (ac-
knowledgement) or NACK (negative-acknowledgement)
corresponding to the transport block. The ACK may in-
dicate that the transport block has been successfully de-
coded. The NACK may indicate that the transport block
has not been successfully decoded. The HARQ-ACK in-
formation may include a HARQ-ACK codebook that in-
cludes one or more HARQ-ACK status (or HARQ-ACK
bits).

[0090] For example, the correspondence between the
HARQ-ACK information and the transport block may
mean that the HARQ-ACK information and the PDSCH
used for transmission of the transport block correspond.
[0091] HARQ-ACK status may indicate ACK or NACK
which correspond to one CBG (Code Block Group) in-
cluded in the transport block.

[0092] The scheduling request may at least be used
to request PUSCH (or UL-SCH) resources for new trans-
mission. The scheduling request may be used to indicate
either a positive SR or a negative SR. The fact that the
scheduling request indicates a positive SR is also re-
ferred to as "a positive SR is sent". The positive SR may
indicate that the PUSCH (or UL-SCH) resource for initial
transmission is requested by the terminal device 1. A
positive SR may indicate that a higher-layer is to trigger
a scheduling request. The positive SR may be sentwhen
the higher-layer instructs to send a scheduling request.
The fact that the scheduling request bit indicates a neg-
ative SR is also referred to as "a negative SR is sent". A
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negative SR may indicate that the PUSCH (or UL-SCH)
resource for initial transmission is not requested by the
terminal device 1. A negative SR may indicate that the
higher-layer does not trigger a scheduling request. Aneg-
ative SR may be sent if the higher-layer is not instructed
to send a scheduling request.

[0093] The channel state information may include at
least part or all of a channel quality indicator (CQl), a
precoder matrix indicator (PMI), and a rank indicator (RI).
CQl is an indicator related to channel quality (e.g., prop-
agation quality) or physical channel quality, and PMI is
an indicator related to a precoder. Rl is an indicator re-
lated to transmission rank (or the number of transmission
layers).

[0094] Channel state information may be provided at
least based on receiving one or more physical signals
(e.g., one or more CSI-RSs) used at least for channel
measurement. The channel state information may be se-
lected by the terminal device 1 atleast based on receiving
one or more physical signals used for channel measure-
ment. Channel measurements may include interference
measurements.

[0095] A PUCCH may correspondtoa PUCCH format.
A PUCCH may be a set of resource elements used to
convey a PUCCH format. A PUCCH may include a
PUCCH format. A PUCCH format may include UCI.
[0096] A PUSCH may be used to transmit uplink data
(a transport block) and/or uplink control information. A
PUSCH may be used to transmit uplink data (a transport
block) corresponding to a UL-SCH and/or uplink control
information. A PUSCH may be used to convey uplink
data (a transport block) and/or uplink control information.
APUSCH may be used to convey uplink data (a transport
block) corresponding to a UL-SCH and/or uplink control
information. Uplink data (a transport block) may be ar-
ranged in a PUSCH. Uplink data (a transport block) cor-
responding to UL-SCH may be arranged in a PUSCH.
Uplink control information may be arranged to a PUSCH.
The terminal device 1 may transmit a PUSCH in which
uplink data (a transport block) and/or uplink control infor-
mation is arranged. The base station device 3 may re-
ceive a PUSCH in which uplink data (a transport block)
and/or uplink control information is arranged.

[0097] A PRACH may be used to transmit a random-
access preamble. The PRACH may be used to convey
a random-access preamble. The sequence x,  (n) of
the PRACH is defined by x,, , (n) =x,, (mod (n +C,, Lga)).
The x, may be a ZC sequence (Zadoff-Chu sequence).
The x, may be defined by x;, = exp (-jpui (i + 1) / Lga)-
The j is an imaginary unit. The p is the circle ratio. The
C, corresponds to cyclic shift of the PRACH. Lg, corre-
sponds to the length of the PRACH. The Lg, may be 839
or 139 or another value. The i is an integer in the range
of 0 to Lga-1. The u is a sequence index for the PRACH.
The terminal device 1 may transmit the PRACH. The
base station device 3 may receive the PRACH.

[0098] For a given PRACH opportunity, 64 random-
access preambles are defined. The random-access pre-
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amble is specified (determined, given) at least based on
the cyclic shift C, of the PRACH and the sequence index
u for the PRACH.

[0099] An uplink physical signal may correspond to a
set of resource elements. The uplink physical signal may
not carry information generated in the higher-layer. The
uplink physical signal may be a physical signal used in
the uplink component carrier. The terminal device 1 may
transmit an uplink physical signal. The base station de-
vice 3 may receive the uplink physical signal. In the radio
communication system according to one aspect of the
present embodiment, at least a part or all of UL DMRS
(UpLink Demodulation Reference Signal), SRS (Sound-
ing Reference Signal), UL PTRS (UpLink Phase Tracking
Reference Signal) may be used.

[0100] UL DMRS is a generic name of a DMRS for a
PUSCH and a DMRS for a PUCCH.

[0101] A setofantenna ports of a DMRS for a PUSCH
(a DMRS associated with a PUSCH, a DMRS included
in a PUSCH, a DMRS which corresponds to a PUSCH)
may be given based on a set of antenna ports for the
PUSCH. That is, the set of DMRS antenna ports for the
PUSCH may be the same as the set of antenna ports for
the PUSCH.

[0102] Transmission of a PUSCH and transmission of
a DMRS for the PUSCH may be indicated (or scheduled)
by one DCI format. The PUSCH and the DMRS for the
PUSCH may be collectively referred to as a PUSCH.
Transmission of the PUSCH may be transmission of the
PUSCH and the DMRS for the PUSCH.

[0103] A PUSCH may be estimated from a DMRS for
the PUSCH. Thatis, propagation path ofthe PUSCH may
be estimated from the DMRS for the PUSCH.

[0104] A setof antenna ports of a DMRS for a PUCCH
(a DMRS associated with a PUCCH, a DMRS included
in a PUCCH, a DMRS which corresponds to a PUCCH)
may be identical to a set of antenna ports for the PUCCH.
[0105] Transmission of a PUCCH and transmission of
a DMRS for the PUCCH may be indicated (or triggered)
by one DCI format. The arrangement of the PUCCH in
resource elements (resource element mapping) and/or
the arrangement of the DMRS in resource elements for
the PUCCH may be provided at least by one PUCCH
format. The PUCCH and the DMRS for the PUCCH may
be collectively referred to as PUCCH. Transmission of
the PUCCH may be transmission of the PUCCH and the
DMRS for the PUCCH.

[0106] A PUCCH may be estimated from a DMRS for
the PUCCH. That is, propagation path of the PUCCH
may be estimated from the DMRS for the PUCCH.
[0107] A downlink physical channel may correspond
to a set of resource elements that carry information orig-
inating from the higher-layer and/or downlink control in-
formation. The downlink physical channel may be a phys-
ical channel used in the downlink component carrier. The
base station device 3 may transmit the downlink physical
channel. The terminal device 1 may receive the downlink
physical channel. In the wireless communication system
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according to one aspect of the present embodiment, at
least a part or all of PBCH (Physical Broadcast Channel),
PDCCH (Physical Downlink Control Channel), and PD-
SCH (Physical Downlink Shared Channel) may be used.
[0108] The PBCH may be used to transmita MIB (Mas-
ter Information Block) and/or physical layer control infor-
mation. The physical layer control information is a kind
of downlink control information. The PBCH may be sent
to deliver the MIB and/or the physical layer control infor-
mation. A BCH may be mapped (or corresponding) to
the PBCH. The terminal device 1 may receive the PBCH.
The base station device 3 may transmit the PBCH. The
physical layer control information is also referred to as a
PBCH payload and a PBCH payload related to timing.
The MIB may include one or more higher-layer parame-
ters.

[0109] Physical layer control information includes 8
bits. The physical layer control information may include
at least part or all of 0A to 0D. The OA is radio frame
information. The OB is half radio frame information (half
system frame information). The 0C is SS/PBCH block
indexinformation. The OD is subcarrier offsetinformation.
[0110] The radio frame information is used to indicate
a radio frame in which the PBCH is transmitted (a radio
frame including a slot in which the PBCH is transmitted).
The radio frame information is represented by 4 bits. The
radio frame information may be represented by 4 bits of
a radio frame indicator. The radio frame indicator may
include 10 bits. For example, the radio frame indicator
may at least be used to identify a radio frame from index
0 to index 1023.

[0111] The half radio frame information is used to in-
dicate whether the PBCH is transmitted in first five sub-
frames or in second five subframes among radio frames
in which the PBCH is transmitted. Here, the half radio
frame may be configured to include five subframes. The
half radio frame may be configured by five subframes of
the first half of ten subframes included in the radio frame.
The halfradio frame may be configured by five subframes
in the second half of ten subframes included in the radio
frame.

[0112] The SS/PBCH block index information is used
toindicate an SS/PBCH blockindex. The SS/PBCH block
index information may be represented by 3 bits. The
SS/PBCH block index information may consist of 3 bits
of an SS/PBCH block index indicator. The SS/PBCH
block index indicator may include 6 bits. The SS/PBCH
block index indicator may at least be used to identify an
SS/PBCH block from index 0 to index 63 (or from index
Otoindex 3, fromindex 0 to index 7, from index 0 to index
9, from index 0 to index 19, etc.).

[0113] The subcarrier offset information is used to in-
dicate subcarrier offset. The subcarrier offsetinformation
may be used to indicate the difference between the first
subcarrier in which the PBCH is arranged and the first
subcarrier in which the control resource set with index 0
is arranged.

[0114] A PDCCH may be used to transmit downlink
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control information (DCI). A PDCCH may be transmitted
to deliver downlink control information. Downlink control
information may be mapped to a PDCCH. The terminal
device 1 may receive a PDCCH in which downlink control
information is arranged. The base station device 3 may
transmit the PDCCH in which the downlink control infor-
mation is arranged.

[0115] Downlink control information may correspond
to a DCI format. Downlink control information may be
included in a DCI format. Downlink control information
may be arranged in each field of a DCI format.

[0116] DCI format is a generic name for DCI format
0_0, DCI format 0_1, DCI format 1_0, and DCI format
1_1. Uplink DCI format is a generic name of the DCI
format 0_0 and the DCl format0_1. Downlink DCI format
is a generic name of the DCI format 1_0 and the DCI
format 1_1.

[0117] The DCI format O_0 is at least used for sched-
uling a PUSCH for a cell (or a PUSCH arranged on a
cell). The DCI format 0_0 includes at least a part or all
of fields 1A to 1E. The 1A is a DCI format identification
field (Identifier field for DCl formats). The 1B is a frequen-
cy domain resource assignment field (FDRA field, FDRA
information field). The 1C is a time domain resource as-
signment field (TDRA field, TDRA information field). The
1D is a frequency-hopping flag field. The 1E is an MCS
field (Modulation-and-Coding-Scheme field).

[0118] Frequency domain resource assignment field
may be referred to as FDRA field or FDRA information
field.

[0119] Time domain resource assignment field may be
referred to as TDRA field or TDRA information field.
[0120] The DCI format identification field may indicate
whether the DCI format including the DCI format identi-
fication field is an uplink DCI format or a downlink DCI
format. The DCI format identification field included in the
DCI format 0_0 may indicate O (or may indicate that the
DCI format 0_0 is an uplink DCI format).

[0121] The frequency domain resource assignment
field included in the DCI format 0_0 may be at least used
to indicate the assignment (allocation) of frequency re-
sources for a PUSCH. The frequency domain resource
assignment field included in the DCI format 0_0 may be
at least used to indicate the assignment (allocation) of
frequency resources fora PUSCH scheduled by the DCI
format 0_0.

[0122] The time domain resource assignment field in-
cluded in the DCI format 0_0 may be at least used to
indicate the assignment of time resources for a PUSCH.
The time domain resource assignment field included in
the DCI format 0_0 may be at least used to indicate the
assignment of time resources for a PUSCH scheduled
by the DCI format 0_0.

[0123] The frequency-hoppingflagfield may be atleast
used to indicate whether frequency-hopping is applied
to a PUSCH. The frequency-hopping flag field may be at
least used to indicate whether frequency-hopping is ap-
plied to a PUSCH scheduled by the DCI format 0_0.
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[0124] The MCS field included in the DCI format 0_0
may be at least used to indicate a modulation scheme
for a PUSCH and/or a part or all of a target coding rate
for the PUSCH. The MCS field included in the DCI format
0_Omay be atleast used toindicate a modulation scheme
for a PUSCH scheduled by the DCI format 0_0 and/or a
part or all of a target coding rate for the PUSCH. A size
of a transport block (TBS: Transport Block Size) of a
PUSCH may be given based at least on a target coding
rate and a part or all of a modulation scheme for the
PUSCH. The modulation scheme may include at least
one of modulation order, target code rate and spectral
efficiency.

[0125] The DCIlformat 0_0 may notinclude fields used
for a CSl request. That is, CSI may not be requested by
the DCI format 0_0.

[0126] The DCI format 0_0 may not include a carrier
indicator field. An uplink component carrier on which a
PUSCH scheduled by the DCI format 0_0 is arranged
may be the same as an uplink component carrier on
which a PDCCH including the DCI format 0_0 is ar-
ranged.

[0127] The DCI format 0_0 may not include a BWP
field. An uplink BWP on which a PUSCH scheduled by
the DCI format 0_0 is arranged may be the same as an
uplink BWP on which a PDCCH including the DCI format
0_0 is arranged.

[0128] The DCI format 0_1 is at least used for sched-
uling of a PUSCH for a cell (or arranged on a cell). The
DCI format 0_1 includes at least a part or all of fields 2A
to 2H. The 2A is a DCI format identification field. The 2B
is a frequency domain resource assignment field. The
2C is a time domain resource assignment field. The 2D
is a frequency-hopping flag field. The 2E is an MCS field.
The 2F is a CSl request field. The 2G is a BWP field. The
2H is a carrier indicator field.

[0129] The DCI format identification field included in
the DCI format 0_1 may indicate O (or may indicate that
the DCI format 0_1 is an uplink DCI format).

[0130] The frequency domain resource assignment
field included in the DCI format 0_1 may be at least used
to indicate the assignment of frequency resources for a
PUSCH. The frequency domain resource assignment
field included in the DCI format 0_1 may be at least used
to indicate the assignment of frequency resources for a
PUSCH scheduled by the DCI format.

[0131] The time domain resource assignment field in-
cluded in the DCI format 0_1 may be at least used to
indicate the assignment of time resources fora PUSCH.
The time domain resource assignment field included in
DCI format 0_1 may be at least used to indicate the as-
signment of time resources for a PUSCH scheduled by
the DCI format 0_1.

[0132] Thefrequency-hopping flag field maybe atleast
used to indicate whether frequency-hopping is applied
to a PUSCH scheduled by the DCI format 0_1.

[0133] The MCS field included in the DCI format 0_1
may be at least used to indicate a modulation scheme
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for a PUSCH and/or a part or all of a target coding rate
forthe PUSCH. The MCS field included in the DCI format
0_1may be atleastused toindicate a modulation scheme
for a PUSCH scheduled by the DCI format and/or part or
all of a target coding rate for the PUSCH.

[0134] When the DCI format 0_1 includes the BWP
field, the BWP field may be used to indicate an uplink
BWP on which a PUSCH scheduled by the DCI format
0_1 is arranged. When the DCI format 0_1 does not in-
clude the BWP field, an uplink BWP on which a PUSCH
is arranged may be the active uplink BWP. When the
number of uplink BWPs configured in the terminal device
1 in an uplink component carrier is two or more, the
number of bits for the BWP field included in the DCI format
0_1 used for schedulinga PUSCH arranged on the uplink
component carrier may be one or more. When the
number of uplink BWPs configured in the terminal device
1in a uplink component carrier is one, the number of bits
for the BWP field included in the DCI format 0_1 used
for scheduling a PUSCH arranged on the uplink compo-
nent carrier may be zero.

[0135] The CSlrequestfieldis atleast used toindicate
CSil reporting.
[0136] If the DCI format O_1 includes the carrier indi-

cator field, the carrier indicator field may be used to in-
dicate an uplink component carrier (or a serving cell) on
which a PUSCH is arranged. When the DCI format 0_1
does not include the carrier indicator field, a serving cell
on which a PUSCH is arranged may be the same as the
serving cell on which a PDCCH including the DCI format
0_1 usedforscheduling ofthe PUSCH is arranged. When
the number of uplink component carriers (or the number
of serving cells) configured in the terminal device 1in a
serving cell group is two or more (when uplink carrier
aggregation is operated in a serving cell group), or when
cross-carrier scheduling is configured for the serving cell
group, the number of bits for the carrier indicator field
included in the DCI format 0_1 used for scheduling a
PUSCH arranged on the serving cell group may be one
or more (e.g., 3). When the number of uplink component
carriers (or the number of serving cells) configured in the
terminal device 1 in a serving cell group is one (or when
uplink carrier aggregation is not operated in a serving
cell group), or when the cross-carrier scheduling is not
configured for the serving cell group, the number of bits
for the carrier indicator field included in the DCI format
0_1 used for scheduling of a PUSCH arranged on the
serving cell group may be zero.

[0137] The DCI format 1_0 is at least used for sched-
uling of a PDSCH for a cell (arranged on a cell). The DCI
format 1_0 includes at least a part or all of fields 3A to
3F. The 3Ais a DCI format identification field. The 3B is
a frequency domain resource assignment field. The 3C
is a time domain resource assignment field. The 3D is
an MCS field. The 3E is a PDSCH-to-HARQ-feedback
indicator field. The 3F is a PUCCH resource indicator
field.

[0138] The DCI format identification field included in
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the DCI format 1_0 may indicate 1 (or may indicate that
the DCI format 1_0 is a downlink DCI format).

[0139] The frequency domain resource assignment
field included in the DCI format 1_0 may be at least used
to indicate the assignment of frequency resources for a
PDSCH. The frequency domain resource assignment
field included in the DCI format 1_0 may be at least used
to indicate the assignment of frequency resources for a
PDSCH scheduled by the DCI format 1_0.

[0140] The time domain resource assignment field in-
cluded in the DCI format 1_0 may be at least used to
indicate the assignment of time resources for a PDSCH.
The time domain resource assignment field included in
the DCI format 1_0 may be at least used to indicate the
assignment of time resources for a PDSCH scheduled
by the DCI format 1_0.

[0141] The MCS field included in the DCI format 1_0
may be at least used to indicate a modulation scheme
for a PDSCH and/or a part or all of a target coding rate
for the PDSCH. The MCS field included in the DCI format
1_0Omaybe atleastused toindicate amodulation scheme
for a PDSCH scheduled by the DCI format 1_0 and/or a
part or all of a target coding rate for the PDSCH. A size
of a transport block (TBS: Transport Block Size) of a PD-
SCH may be given based at least on a target coding rate
and a part or all of a modulation scheme for the PDSCH.
[0142] The PDSCH-to-HARQ-feedback timing indica-
tor field may be at least used to indicate the offset (K1)
from a slot in which the last OFDM symbol of a PDSCH
scheduled by the DCI format 1_0 is included to another
slotin which the first OFDM symbol of a PUCCH triggered
by the DCI format 1_0 is included.

[0143] The PUCCH resource indicator field may be a
field indicating an index of any one or more PUCCH re-
sources included in the PUCCH resource set for a
PUCCH transmission. The PUCCH resource set may in-
clude one or more PUCCH resources. The PUCCH re-
source indicator field may trigger PUCCH transmission
with a PUCCH resource indicated at least based on the
PUCCH resource indicator field.

[0144] The DCI format 1_0 may not include the carrier
indicator field. A downlink component carrier on which a
PDSCH scheduled by the DCI format 1_0 is arranged
may be the same as a downlink component carrier on
which a PDCCH including the DCI format 1_0 is ar-
ranged.

[0145] The DCI format 1_0 may not include the BWP
field. A downlink BWP on which a PDSCH scheduled by
a DCI format 1_0 is arranged may be the same as a
downlink BWP on which a PDCCH including the DCI for-
mat 1_0 is arranged.

[0146] The DCI format 1_1 is at least used for sched-
uling of a PDSCH for a cell (or arranged on a cell). The
DCl format 1_1 includes at least a part or all of fields 4A
to 4H. The 4A is a DCI format identification field. The 4B
is a frequency domain resource assignment field. The
4C is a time domain resource assignment field. The 4D
is an MCS field. The 4E is a PDSCH-to-HARQ-feedback
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indicator field. The 4F is a PUCCH resource indicator
field. The 4G is a BWP field. The 4H is a carrier indicator
field.

[0147] The DCI format identification field included in
the DCI format 1_1 may indicate 1 (or may indicate that
the DCI format 1_1 is a downlink DCI format).

[0148] The frequency domain resource assignment
field included in the DCI format 1_1 may be at least used
to indicate the assignment of frequency resources for a
PDSCH. The frequency domain resource assignment
field included in the DCI format 1_0 may be at least used
to indicate the assignment of frequency resources for a
PDSCH scheduled by the DCI format 1_1.

[0149] The time domain resource assignment field in-
cluded in the DCI format 1_1 may be at least used to
indicate the assignment of time resources for a PDSCH.
The time domain resource assignment field included in
the DCI format 1_1 may be at least used to indicate the
assignment of time resources for a PDSCH scheduled
by the DCI format 1_1.

[0150] The MCS field included in the DCI format 1_1
may be at least used to indicate a modulation scheme
for a PDSCH and/or a part or all of a target coding rate
forthe PDSCH. The MCS field included in the DCI format
1_1maybe atleastusedtoindicate amodulation scheme
for a PDSCH scheduled by the DCI format 1_1 and/or a
part or all of a target coding rate for the PDSCH.

[0151] When the DCI format 1_1 includes a PDSCH-
to-HARQ-feedback timing indicator field, the PDSCH-to-
HARQ-feedback timing indicator field indicates an offset
(K1) from a slot including the last OFDM symbol of a
PDSCH scheduled by the DCI format 1_1 to another slot
including the first OFDM symbol of a PUCCH triggered
by the DCI format 1_1. When the DCI format 1_1 does
not include the PDSCH-to-HARQ-feedback timing indi-
cator field, an offset from a slot in which the last OFDM
symbol of a PDSCH scheduled by the DCI format 1_1 is
included to another slot in which the first OFDM symbol
of a PUCCH triggered by the DCI format 1_1 is identified
by a higher-layer parameter.

[0152] When the DCI format 1_1 includes the BWP
field, the BWP field may be used to indicate a downlink
BWP on which a PDSCH scheduled by the DCI format
1_1 is arranged. When the DCI format 1_1 does not in-
clude the BWP field, a downlink BWP on whicha PDSCH
is arranged may be the active downlink BWP. When the
number of downlink BWPs configured in the terminal de-
vice 1 in a downlink component carrier is two or more,
the number of bits for the BWP field included in the DCI
format 1_1 used for scheduling a PDSCH arranged on
the downlink component carrier may be one or more.
When the number of downlink BWPs configured in the
terminal device 1in a downlink component carrier is one,
the number of bits for the BWP field included in the DCI
format 1_1 used for scheduling a PDSCH arranged on
the downlink component carrier may be zero.

[0153] If the DCI format 1_1 includes the carrier indi-
cator field, the carrier indicator field may be used to in-
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dicate a downlink component carrier (or a serving cell)
on which a PDSCH is arranged. When the DCI format
1_1does notinclude the carrier indicator field, a downlink
component carrier (or a serving cell) on which a PDSCH
is arranged may be the same as a downlink component
carrier (or a serving cell) on which a PDCCH including
the DCI format 1_1 used for scheduling of the PDSCH
is arranged. When the number of downlink component
carriers (or the number of serving cells) configured in the
terminal device 1 in a serving cell group is two or more
(when downlink carrier aggregation is operated in a serv-
ing cell group), or when cross-carrier scheduling is con-
figured for the serving cell group, the number of bits for
the carrier indicator field included in the DCI format 1_1
used for scheduling a PDSCH arranged on the serving
cell group may be one or more (e.g., 3). When the number
of downlink component carriers (or the number of serving
cells) configured in the terminal device 1 in a serving cell
group is one (or when downlink carrier aggregation is not
operated in a serving cell group), or when the cross-car-
rier scheduling is not configured for the serving cell group,
the number of bits for the carrier indicator field included
in the DCI format 1_1 used for scheduling of a PDSCH
arranged on the serving cell group may be zero.

[0154] A PDSCH may be used to transmit one or more
transport blocks. A PDSCH may be used to transmit one
or more transport blocks which corresponds to a DL-
SCH. A PDSCH may be used to convey one or more
transport blocks. A PDSCH may be used to convey one
or more transport blocks which corresponds to a DL-
SCH. One or more transport blocks may be arranged in
a PDSCH. One or more transport blocks which corre-
sponds to a DL-SCH may be arranged in a PDSCH. The
base station device 3 may transmit a PDSCH. The ter-
minal device 1 may receive the PDSCH.

[0155] Downlink physical signals may correspond to a
set of resource elements. The downlink physical signals
may not carry the information generated in the higher-
layer. The downlink physical signals may be physical sig-
nals used in the downlink component carrier. A downlink
physical signal may be transmitted by the base station
device 3. The downlink physical signal may be transmit-
ted by the terminal device 1. In the wireless communica-
tion system according to one aspect of the present em-
bodiment, at least a part or all of an SS (Synchronization
signal), DL DMRS (DownLink DeModulation Reference
Signal), CSI-RS (Channel State Information-Reference
Signal), and DL PTRS (DownLink Phase Tracking Ref-
erence Signal) may be used.

[0156] The synchronization signal may be used atleast
for the terminal device 1 to synchronize in the frequency
domain and/or time domain for downlink. The synchro-
nization signal is a generic name of PSS (Primary Syn-
chronization Signal) and SSS (Secondary Synchroniza-
tion Signal).

[0157] Figure 7 is a diagram showing a configuration
example of an SS/PBCH block according to an aspect
of the present embodiment. In Figure 7, the horizontal
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axis indicates time domain (OFDM symbol index Isym),
and the vertical axis indicates frequency domain. The
shaded blocks indicate a set of resource elements for a
PSS. The blocks of grid lines indicate a set of resource
elements for an SSS. Also, the blocks in the horizontal
line indicate a set of resource elements for a PBCH and
a set of resource elements for a DMRS for the PBCH
(DMRS related to the PBCH, DMRS included in the
PBCH, DMRS which corresponds to the PBCH).

[0158] As shown in Figure 7, the SS/PBCH block in-
cludesa PSS, an SSS, andaPBCH. The SS/PBCH block
includes 4 consecutive OFDM symbols. The SS/PBCH
block includes 240 subcarriers. The PSS is allocated to
the 57th to 183rd subcarriers in the first OFDM symbol.
The SSS is allocated to the 57th to 183rd subcarriers in
the third OFDM symbol. The first to 56th subcarriers of
the first OFDM symbol may be set to zero. The 184th to
240th subcarriers of the first OFDM symbol may be set
to zero. The 49th to 56th subcarriers of the third OFDM
symbol may be set to zero. The 184th to 192nd subcar-
riers of the third OFDM symbol may be set to zero. In the
first to 240th subcarriers of the second OFDM symbol,
the PBCH is allocated to subcarriers in which the DMRS
for the PBCH is not allocated. In the first to 48th subcar-
riers of the third OFDM symbol, the PBCH is allocated
to subcarriers in which the DMRS for the PBCH is not
allocated. In the 193rd to 240th subcarriers of the third
OFDM symbol, the PBCH is allocated to subcarriers in
which the DMRS for the PBCH is not allocated. In the
first to 240th subcarriers of the 4th OFDM symbol, the
PBCH is allocated to subcarriers in which the DMRS for
the PBCH is not allocated.

[0159] The antenna ports of a PSS, an SSS, a PBCH,
and a DMRS for the PBCH in an SS/PBCH block may
be identical.

[0160] A PBCH may be estimated from a DMRS for
the PBCH .For the DM-RS for the PBCH, the channel
over which a symbol for the PBCH on an antenna port is
conveyed can be inferred from the channel over which
another symbol for the DM-RS on the antenna port is
conveyed only if the two symbols are within a SS/PBCH
block transmitted within the same slot, and with the same
SS/PBCH block index.

[0161] DL DMRS is a generic name of DMRS for a
PBCH, DMRS for a PDSCH, and DMRS for a PDCCH.

[0162] A setofantenna portsfora DMRS fora PDSCH
(a DMRS associated with a PDSCH, a DMRS included
in a PDSCH, a DMRS which corresponds to a PDSCH)
may be given based on the set of antenna ports for the
PDSCH. The set of antenna ports for the DMRS for the
PDSCH may be the same as the set of antenna ports for
the PDSCH.

[0163] Transmission of a PDSCH and transmission of
a DMRS for the PDSCH may be indicated (or scheduled)
by one DCI format. The PDSCH and the DMRS for the
PDSCH may be collectively referred to as PDSCH.
Transmitting a PDSCH may be transmitting a PDSCH
and a DMRS for the PDSCH.
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[0164] A PDSCH may be estimated from a DMRS for
the PDSCH. For a DM-RS associated with a PDSCH,
the channel over which a symbol for the PDSCH on one
antenna port is conveyed can be inferred from the chan-
nel over which another symbol for the DM-RS on the
antenna port is conveyed only if the two symbols are
within the same resource as the scheduled PDSCH, in
the same slot, and in the same PRG (Precoding Re-
source Group).

[0165] Antenna ports for a DMRS for a PDCCH (a
DMRS associated with a PDCCH, a DMRS included in
a PDCCH, a DMRS which corresponds to a PDCCH)
may be the same as an antenna port for the PDCCH.
[0166] A PDCCH may be estimated from a DMRS for
the PDCCH. For a DM-RS associated with a PDCCH,
the channel over which a symbol for the PDCCH on one
antenna port is conveyed can be inferred from the chan-
nel over which another symbol for the DM-RS on the
same antenna port is conveyed only if the two symbols
are within resources for which the UE may assume the
same precoding being used (i.e. within resources in a
REG bundle).

[0167] A BCH (Broadcast CHannel), a UL-SCH (Up-
link-Shared CHannel) and a DL-SCH (Downlink-Shared
CHannel) are transport channels. A channel used in the
MAC layer is called a transport channel. A unit of trans-
port channel used in the MAC layer is also called trans-
port block (TB) or MAC PDU (Protocol Data Unit). In the
MAC layer, control of HARQ (Hybrid Automatic Repeat
request) is performed for each transport block. The trans-
port block is a unit of data delivered by the MAC layer to
the physical layer. In the physical layer, transport blocks
are mapped to codewords and modulation processing is
performed for each codeword.

[0168] One UL-SCH and one DL-SCH may be provid-
ed for each serving cell. BCH may be givento PCell. BCH
may not be given to PSCell and SCell.

[0169] ABCCH (Broadcast Control CHannel),aCCCH
(Common Control CHannel), and a DCCH (Dedicated
Control CHannel) are logical channels. The BCCH is a
channel of the RRC layer used to deliver MIB or system
information. The CCCH may be used to transmit a com-
mon RRC message in a plurality of terminal devices 1.
The CCCH may be used for the terminal device 1 which
is not connected by RRC. The DCCH may be used at
least to transmit a dedicated RRC message to the termi-
nal device 1. The DCCH may be used for the terminal
device 1 that is in RRC-connected mode.

[0170] The RRC message includes one or more RRC
parameters (information elements, higher layer param-
eters). For example, the RRC message may include a
MIB. For example, the RRC message may include sys-
tem information (SIB: System Information Block, MIB).
SIB is a generic name for various type of SIBs (e.g., SIB1,
SIB2). For example, the RRC message may include a
message which corresponds to a CCCH. For example,
the RRC message may include a message which corre-
sponds to a DCCH. RRC message is a general term for
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common RRC message and dedicated RRC message.
[0171] The BCCH in the logical channel may be
mapped to the BCH or the DL-SCH in the transport chan-
nel. The CCCH in the logical channel may be mapped to
the DL-SCH or the UL-SCH in the transport channel. The
DCCH in the logical channel may be mapped to the DL-
SCH or the UL-SCH in the transport channel.

[0172] The UL-SCH in the transport channel may be
mapped to a PUSCH in the physical channel. The DL-
SCH in the transport channel may be mapped to a PD-
SCH in the physical channel. The BCH in the transport
channel may be mapped to a PBCH in the physical chan-
nel.

[0173] A higher-layer parameter is a parameter includ-
ed in an RRC message or a MAC CE (Medium Access
Control Control Element). The higher-layer parameter is
a generic name of information included in a MIB, system
information, a message which corresponds to CCCH, a
message which corresponds to DCCH, and a MAC CE.
A higher-layer parameter may be referred to as an RRC
parameter or an RRC configuration if the higher-layer
parameter is the parameter included in the RRC mes-
sage.

[0174] A higher-layer parameter may be a cell-specific
parameter or a UE-specific parameter. A cell-specific pa-
rameteris a parameter including a common configuration
inacell. AUE-specific parameter is a parameter including
a configuration thatmay be configured differently for each
UE.

[0175] The base station device may indicate change
of cell-specific parameters by reconfiguration with ran-
dom-access. The UE may change cell-specific parame-
ters before triggering random-access. The base station
device may indicate change of UE-specific parameters
by reconfiguration with or without random-access. The
UE may change UE-specific parameters before or after
random-access.

[0176] The procedure performed by the terminal de-
vice 1 includes at least a part or all of the following 5A to
5C. The 5Ais cell search. The 5B is random-access. The
5C is data communication.

[0177] The cell search is a procedure used by the ter-
minal device 1 to synchronize with a cell in the time do-
main and/or the frequency domain and to detect a phys-
ical cell identity. The terminal device 1 may detect the
physical cell ID by performing synchronization of time
domain and/or frequency domain with a cell by the cell
search.

[0178] A sequence ofa PSSis given based atleast on
a physical cell ID. A sequence of an SSS is given based
at least on the physical cell ID.

[0179] An SS/PBCH block candidate indicates a re-
source for which transmission of the SS/PBCH block may
exist. An SS/PBCH block may be transmitted at a re-
source indicated as the SS/PBCH block candidate. The
base station device 3 may transmit an SS/PBCH block
at an SS/PBCH block candidate. The terminal device 1
may receive (detect) the SS/PBCH block atthe SS/PBCH
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block candidate.

[0180] A set of SS/PBCH block candidates in a half
radio frame is also referred to as an SS-burst-set. The
SS-burst-setis also referred to as a transmission window,
a SS transmission window, or a DRS transmission win-
dow (Discovery Reference Signal transmission window).
The SS-burst-set is a generic name that includes at least
a first SS-burst-set and a second SS-burst-set.

[0181] The base station device 3 transmits SS/PBCH
blocks of one or more indexes at a predetermined cycle.
The terminal device 1 may detect an SS/PBCH block of
at least one of the SS/PBCH blocks of the one or more
indexes. The terminal device 1 may attempt to decode
the PBCH included in the SS/PBCH block.

[0182] The random-access is a procedure including at
least a part or all of message 1, message 2, message 3,
and message 4.

[0183] The message 1is a procedure in which the ter-
minal device 1 transmits a PRACH. The terminal device
1 transmits the PRACH in one PRACH occasion selected
from among one or more PRACH occasions based on
at least the index of the SS/PBCH block candidate de-
tected based on the cell search.

[0184] The message 2 is a procedure in which the ter-
minal device 1 attempts to detect a DCI format 1_0 with
CRC (Cyclic Redundancy Check) scrambled by an RA-
RNTI (Random Access-Radio Network Temporary Iden-
tifier). The terminal device 1 may attempt to detect the
DCI format 1_0 in a search-space-set.

[0185] The message 3 (Msg 3)is a procedure for trans-
mitting a PUSCH scheduled by a random-access re-
sponse grant included in the DCI format 1_0 detected in
the message 2 procedure. The random-access response
grantis indicated by the MAC CE included in the PDSCH
scheduled by the DCI format 1_0.

[0186] The PUSCH scheduled based on the random-
access response grant is either a message 3 PUSCH or
aPUSCH. The message 3 PUSCH contains a contention
resolution identifier MAC CE. The contention resolution
ID MAC CE includes a contention resolution ID.

[0187] Retransmission of the message 3 PUSCH is
scheduled by DCI format 0_0 with CRC scrambled by a
TC-RNTI (Temporary Cell-Radio Network Temporary
Identifier).

[0188] The message 4 is a procedure that attempts to
detect a DCI format 1_0 with CRC scrambled by either
a C-RNTI (Cell-Radio Network Temporary Identifier) or
a TC-RNTI. The terminal device 1 receives a PDSCH
scheduled based on the DCI format 1_0. The PDSCH
may include a collision resolution ID.

[0189] Data communicationisagenericterm fordown-
link communication and uplink communication.

[0190] In data communication, the terminal device 1
attempts to detect a PDCCH (attempts to monitor a PD-
CCH, monitorsaPDCCH). in aresource identified atleast
based on one orall of a control resource set and a search-
space-set. It's also called as "the terminal device 1 at-
tempts to detecta PDCCH in a control resource set", "the
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terminal device 1 attempts to detect a PDCCH in a
search-space-set", "the terminal device 1 attempts to de-
tect a PDCCH candidate in a control resource set", "the
terminal device 1 attempts to detect a PDCCH candidate
in a search-space-set", "the terminal device 1 attempts
to detect a DCI format in a control resource set", or "the
terminal device 1 attempts to detect a DCI format in a
search-space-set". Monitoring a PDCCH may be equiv-
alent as monitoring a DCI format in the PDCCH.

[0191] The control resource set is a set of resources
configured by the number of resource blocks and a pre-
determined number of OFDM symbols in a slot.

[0192] The set of resources for the control resource
set may be indicated by higher-layer parameters. The
number of OFDM symbols included in the control re-
source set may be indicated by higher-layer parameters.
[0193] APDCCH may be also called asa PDCCH can-
didate.

[0194] A search-space-set is defined as a set of PD-
CCH candidates. A search-space-set may be a Common
Search Space (CSS) set or a UE-specific Search Space
(USS) set.

[0195] The CSS setis a generic name of a type-0 PD-
CCH common search-space-set, a type-Oa PDCCH
common search-space-set, a type-1 PDCCH common
search-space-set, a type-2 PDCCH common search-
space-set, and a type-3 PDCCH common search-space-
set. The USS set may be also called as UE-specific PD-
CCH search-space-set.

[0196] The type-0 PDCCH common search-space-set
may be used as a common search-space-set with index
0. The type-0 PDCCH common search-space-set may
be an common search-space-set with index 0.

[0197] Asearch-space-setis associated with (included
in, corresponding to) a control resource set. The index
of the control resource set associated with the search-
space-set may be indicated by higher-layer parameters.
[0198] Fora search-space-set, a part or all of 6A to 6C
may be indicated at least by higher-layer parameters.
The 6A is PDCCH monitoring period. The 6B is PDCCH
monitoring pattern within a slot. The 6C is PDCCH mon-
itoring offset.

[0199] A monitoring occasion of a search-space-set
may correspond to one or more OFDM symbols in which
the first OFDM symbol of the control resource set asso-
ciated with the search-space-set is allocated. A monitor-
ing occasion of a search-space-set may correspond to
resources identified by the first OFDM symbol of the con-
trol resource set associated with the search-space-set.
A monitoring occasion of a search-space-set is given
based at least on a part or all of PDCCH monitoring pe-
riodicity, PDCCH monitoring pattern within a slot, and
PDCCH monitoring offset.

[0200] Figure 8 is a diagram showing an example of
the monitoring occasion of the search-space-set accord-
ing to an aspect of the present embodiment. In Figure 8,
the search-space-set 91 and the search-space-set 92
are sets in the primary cell 301, the search-space-set 93
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is a set in the secondary cell 302, and the search-space-
set 94 is a set in the secondary cell 303.

[0201] In Figure 8, the block indicated by the grid line
indicates the search-space-set 91, the block indicated
by the upper right diagonal line indicates the search-
space-set 92, the block indicated by the upper left diag-
onallineindicates the search-space-set 93, and the block
indicated by the horizontal line indicates the search-
space-set 94.

[0202] In Figure 8, the PDCCH monitoring periodicity
for the search-space-set 91 is set to 1 slot, the PDCCH
monitoring offset for the search-space-set 91 is set to 0
slot, and the PDCCH monitoring pattern for the search-
space-set91is[1,0,0,0,0,0,0,1,0,0,0,0, 0, 0]. That
is, the monitoring occasion of the search-space-set 91
corresponds to the first OFDM symbol (OFDM symbol #
0) and the eighth OFDM symbol (OFDM symbol # 7) in
each of the slots.

[0203] In Figure 8, the PDCCH monitoring periodicity
for the search-space-set 92 is set to 2 slots, the PDCCH
monitoring offset for the search-space-set 92 is set to 0
slots, and the PDCCH monitoring pattern for the search-
space-set92is[1,0,0,0,0,0,0,0,0,0,0,0,0, 0]. That
is, the monitoring occasion of the search-space-set 92
corresponds to the leading OFDM symbol (OFDM sym-
bol # 0) in each of the even slots.

[0204] In Figure 8, the PDCCH monitoring periodicity
for the search-space-set 93 is set to 2 slots, the PDCCH
monitoring offset for the search-space-set 93 is set to 0
slots, and the PDCCH monitoring pattern for the search-
space-set93is[0,0,0,0,0,0,0,1,0,0,0,0, 0, 0]. That
is, the monitoring occasion of the search-space-set 93
corresponds to the eighth OFDM symbol (OFDM symbol
# 8) in each of the even slots.

[0205] In Figure 8, the PDCCH monitoring periodicity
for the search-space-set 94 is set to 2 slots, the PDCCH
monitoring offset for the search-space-set 94 is set to 1
slot, and the PDCCH monitoring pattern for the search-
space-set94is[1,0,0,0,0,0,0,0,0,0,0,0, 0, 0]. That
is, the monitoring occasion of the search-space-set 94
corresponds to the leading OFDM symbol (OFDM sym-
bol # 0) in each of the odd slots.

[0206] The type-0 PDCCH common search-space-set
may be at least used for a DCI format with a cyclic re-
dundancy check (CRC) sequence scrambled by an SI-
RNTI (System Information-Radio Network Temporary
Identifier).

[0207] The type-Oa PDCCH common search-space-
set may be used at least for a DCI format with a cyclic
redundancy check sequence scrambled by an SI-RNTI.
[0208] The type-1 PDCCH common search-space-set
may be used at least for a DCI format with a CRC se-
quence scrambled by an RA-RNTI (Random Access-Ra-
dio Network Temporary ldentifier) or a CRC sequence
scrambled by a TC-RNTI (Temporary Cell-Radio Net-
work Temporary ldentifier).

[0209] The type-2 PDCCH common search-space-set
may be used for a DCI format with a CRC sequence
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scrambled by P-RNTI (Paging-Radio Network Tempo-
rary ldentifier).

[0210] The type-3 PDCCH common search-space-set
may be used for a DCI format with a CRC sequence
scrambled by a C-RNTI (Cell-Radio Network Temporary
Identifier).

[0211] The UE-specific search-space-set may be used
atleast for a DCI format with a CRC sequence scrambled
by a C-RNTI.

[0212] Indownlink communication, the terminal device
1 may detect a downlink DCI format. The detected down-
link DCI format is at least used for resource assignment
for a PDSCH. The detected downlink DCI format is also
referred to as downlink assignment. The terminal device
1 attempts to receive the PDSCH. Based on a PUCCH
resource indicated based on the detected downlink DCI
format, an HARQ-ACK corresponding to the PDSCH
(HARQ-ACK corresponding to a transport block included
inthe PDSCH) may be reported to the base station device
3.

[0213] In uplink communication, the terminal device 1
may detect an uplink DCI format. The detected uplink
DCI format is at least used for resource assignment for
aPUSCH. The detected uplink DCI formatis also referred
to as uplink grant. The terminal device 1 transmits the
PUSCH.

[0214] PUSCH transmission(s) can be dynamically
scheduled by an UL grant in a DCI, or the transmission
can correspond to a configured grant Type 1 or Type 2.
The configured grant Type 1 PUSCH transmission is
semi-statically configured to operate upon the reception
of higher layer parameter of configuredGrantConfig in-
cluding rrc-ConfiguredUplinkGrant without the detection
of an UL grant in a DCI. The configured grant Type 2
PUSCH transmission is semi-persistently scheduled by
an UL grant in a valid activation DCI according to those
procedure(s) after the reception of higher layer parame-
ter configuredGrantConfig not including rrc-Configure-
dUplinkGrant. If configuredGrantConfigToAddModList is
configured, more than one configured grant configuration
of configured grant Type 1 and/or configured grant Type
2 may be active at the same time on an active BWP of a
serving cell.

[0215] More details of resource allocation in time do-
main for PUSCH scheduled by a DCI format is described.
When the UE (terminal device 1) is scheduled to transmit
a transport block and no CSl report, or the UE is sched-
uled to transmit a transport block and a CSI report(s) on
PUSCH by a DCI, the 'Time domain resource assign-
ment’ field value m of the DCI may provide a row index
m + 1 to an allocated table. The determination of the used
resource allocation table may be pre-defined and/or de-
fined in RRC configuration. The indexed row of the re-
source allocation table may define the slot offset K2, the
startandlengthindicator SLIV, or directly the start symbol
S and the allocation length L, the PUSCH mapping type,
and the number of repetitions (if RRC parameter num-
berOfRepetitions is present in the resource allocation ta-
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ble) to be applied in the PUSCH transmission. It is noted
that RRC parameter is a kind of high-layer parameter.
[0216] For PUSCH scheduled by DCI format 0_1, if
RRC parameter pusch-RepTypelndicatorDCI-0-1 is set
to 'pusch-RepTypeB’, the UE may apply PUSCH repeti-
tion Type B procedure when determining the time domain
resource allocation. For PUSCH scheduled by DCI for-
mat 0_2, if RRC parameter pusch-RepTypelndicatorD-
CI-0-2 is set to 'pusch-RepTypeB’, the UE may apply
PUSCH repetition Type B procedure when determining
the time domain resource allocation. Otherwise, the UE
may apply PUSCH repetition Type A procedure when
determining the time domain resource allocation for
PUSCH scheduled by PDCCH.

[0217] For PUSCH repetition Type A, the starting sym-
bol S relative to the start of the slot, and the number of
consecutive symbols L counting from the symbol S allo-
cated for the PUSCH may be determined from the start
and length indicator SLIV of the indexed row: if (L-1) <7
then SLIV = 14(L-1)+S, otherwise SLIV=14(14-
L+1+(14-1-S), where 0<L<14-S.

[0218] For PUSCH repetition Type A, when transmit-
ting PUSCH scheduled by DCI format0_1 or 0_2 in PD-
CCH with CRC scrambled with C-RNTI, MCS-C-RNTI,
or CS-RNTI with NDI=1, the number of repetitions K may
be determined as: if RRC parameter numberOfRepeti-
tions is present in the resource allocation table, the
number of repetitions K may be equal to numberOfRepe-
titions; elseif the UE is configured with RRC parameter
pusch-AggregationFactor, the number of repetitions K
may be equal to pusch-AggregationFactor; otherwise
K=1.

[0219] If the UE is not capable of a certain coverage
enhancement feature(s) (e.g. available slot based
PUSCH repetition counting) or if the UE is not provided
with a certain coverage enhancement configuration(s)
(e.g. available slot based PUSCH repetition counting),
the following may be applied. For PUSCH repetition Type
A, in case K>1, the same symbol allocation may be ap-
plied across the K consecutive slots and the PUSCH may
be limited to a single transmission layer. The UE may
repeat the TB across the K consecutive slots applying
the same symbol allocation in each slot. The redundancy
version to be applied on the nth transmission occasion
of the TB, where n =0, 1, ... K-1, may be determined as
describe below. For PUSCH repetition Type A,a PUSCH
transmission in a slot of a multi-slot PUSCH transmission
may be omitted according to the conditions atleast and/or
at mostin, PUSCH-priority based procedure, slot config-
uration based procedure, slot format based procedure
and cancellation indication based procedure. For exam-
ple, a slot may be determined as available if the slot is
available according to all the conditions defined in those
procedures, and/or the slot may be determined as not
available if the slot is not available according to at least
one of the conditions defined in those procedures. K may
be an integer.

[0220] If the UE is capable of a certain coverage en-
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hancement feature(s) and/or if the UE is provided with a
certain coverage enhancement configuration(s), the fol-
lowing may be applied. For PUSCH repetition Type A, in
case K>1, the same symbol allocation may be applied
across the K available slots (i.e. the first K slots which
are available for the PUSCH transmission) and the
PUSCH may be limited to a single transmission layer.
The UE may repeat the TB across the K consecutive
slots applying the same symbol allocation in each slot.
The K available slots may be determined according to
the conditions at least and/or at most in, PUSCH-priority
based procedure, slot configuration based procedure,
slot format based procedure and cancellation indication
based procedure. For example, a slot may be determined
as available if the slot is available according to all the
conditions defined in those procedures, and/or the slot
may be determined as not available if the slot is not avail-
able according to at least one of the conditions defined
in those procedures.

[0221] If the UE is capable of a certain coverage en-
hancement feature(s) and/or if the UE is provided with a
certain coverage enhancement configuration(s), the fol-
lowing may be applied. For PUSCH repetition Type A, in
case K>1, the same symbol allocation may be applied
across the K available slots (i.e. the first K slots which
are available for the PUSCH transmission) and the
PUSCH may be limited to a single transmission layer.
The UE may repeat the TB across the K available slots
applying the same symbol allocation in each slot. The K
available slots may be determined according to the con-
ditions at least and/or at most in first RRC parameters.
The first RRC parameters may be one or more of tdd-
UL-DL-ConfigurationCommon, tdd-UL-DL-Configura-
tionDedicated, ssb-PositionsInBurst, numberOfRepeti-
tions, BandCombination-UplinkTxSwitch, repK, repK-
RV, pusch-AggregationFactor, nrofSlots, config-
uredGrantConfig, cg-nrofSlots, cg-nrofPUSCH-InSlot,
timeDomainAllocation, numberOfinvalidSymbolsForDL-
UL-Switching, invalidSymbolPattern, and periodicity-
AndPattern. For PUSCH repetition Type A, a PUSCH
transmission in a slot of a multi-slot PUSCH transmission
is omitted according to the conditions at least and/or at
most in second RRC parameters. The second RRC pa-
rameters may be one or more of tdd-UL-DL-Configura-
tionCommon, tdd-UL-DL-ConfigurationDedicated, ssb-
PositionsIinBurst, numberOfRepetitions, BandCombina-
tion-UplinkTxSwitch, repK, repK-RV, pusch-Aggrega-
tionFactor, nrofSlots, configuredGrantConfig, cg-nrofS-
lots, cg-nrofPUSCH-InSlot, timeDomainAllocation, num-
berOflnvalidSymbolsForDL-UL-Switching, invalidSym-
bolPattern, and periodicity AndPattern.

[0222] The configuredGrantConfig may be referred to
the ConfiguredGrantConfig.

[0223] The configuredGrantConfig may be referred to
as the ConfiguredGrantConfig.

[0224] When PUSCH resource allocation is semi-stat-
ically configured by higher layer parameter config-
uredGrantConfig in BWP-UplinkDedicated information
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element, and the PUSCH transmission corresponding to
a configured grant, the following higher layer parameters
are applied in the transmission.

[0225] For Type 1 PUSCH transmissions with a con-
figured grant, the following parameters are given in con-
figuredGrantConfig unless mentioned otherwise, and For
the determination of the PUSCH repetition type, if the
higher layer parameter pusch-RepTypelndicator in rrc-
ConfiguredUplinkGrant is configured and set to ‘pusch-
RepTypeB’, PUSCH repetition Type B is applied. Other-
wise, PUSCH repetition Type A is applied.

[0226] The higher layer parameter pusch-RepTypeln-
dicator indicates whether UE follows the behavior for
PUSCH repetition Type A or the behavior for PUSCH
repetition Type B for each Type 1 configured grant con-
figuration. The value pusch-RepTypeA enables the
'PUSCH repetition Type A’ and the value pusch-Rep-
TypeB enables the 'PUSCH repetition Type B’. The value
pusch-RepTypeB is not configured simultaneously with
cg-nrofPUSCH-InSlot-r16 and cg-nrofSlots-r16.

[0227] For PUSCH repetition Type A, the selection of
the time domain resource allocation table follows the
rules for DCI format 0_0 on UE specific search space.
[0228] For PUSCH repetition Type A, the selection of
the time domain resource allocation table is as follows.
If pusch-RepTypelndicatorDCI-0-1 in pusch-Config is
configured and set to 'pusch-RepTypeA’, pusch-Time-
DomainResourceAllocationListDCI-0-1 in pusch-Config
is used. Otherwise, pusch-TimeDomainResourceAlloca-
tionListDCI-0-2in pusch-Config is used. Itis not expected
that pusch-RepTypelndicator in rrc-ConfiguredUplink-
Grant is configured with ‘pusch-RepTypeA’ when none
of pusch-RepTypelndicatorDCI-0-1 and pusch-RepTy-
pelndicatorDCI-0-2 in pusch-Config is set to ‘pusch-Rep-
TypeA'.

[0229] For PUSCH repetition Type B, the selection of
the time domain resource allocation table is as follows.
If pusch-RepTypelndicatorDCI-0-1 in pusch-Config is
configured and set to 'pusch-RepTypeB’, pusch-Time-
DomainResourceAllocationListDCI-0-1 in pusch-Config
is used. Otherwise, pusch-TimeDomainResourceAlloca-
tionListDCI-0-2in pusch-Config is used. Itis not expected
that pusch-RepTypelndicator in rrc-ConfiguredUplink-
Grant is configured with ‘pusch-RepTypeB’ when none
of pusch-RepTypelndicatorDCI-0-1 and pusch-RepTy-
pelndicatorDCI-0-2 in pusch-Config is set to ‘pusch-Rep-
TypeB'.

[0230] More details of resource allocation in time do-
main for PUSCH with configured grant is described. For
PUSCH transmissions with a Type 1 or Type 2 configured
grant, the number of (nominal) repetitions K to be applied
to the transmitted transport block may be provided by the
indexed row in the time domain resource allocation table
if numberOfRepetitions is present in the table; otherwise
K may be provided by the higher layer configured param-
eters repK. The UE may not be allowed to transmit any-
thing on the resources configured by RRC parameter
configuredGrantConfig if the higher layers did not deliver
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a transport block to transmit on the resources allocated
for uplink transmission without grant.

[0231] A set of allowed periodicities P are defined in
RRC configuration. The RRC parameter cg-nrofSiots,
may provide the number of consecutive slots allocated
within a configured grant period. The RRC parameter cg-
nrofPUSCH-InSlot may provide the number of consecu-
tive PUSCH allocations within a slot, where the first
PUSCH allocation may follow the RRC parameter time-
DomainAllocation for Type 1 PUSCH transmission or the
higher layer configuration according to MAC procedure,
and UL grant received on the DCI for Type 2 PUSCH
transmissions, and the remaining PUSCH allocations
may have the same length and PUSCH mapping type,
and may be appended following the previous allocations
without any gaps. The same combination of start symbol
and length and PUSCH mapping type may repeat over
the consecutively allocated slots.

[0232] The UE may not be expected to be configured
with the time duration for the transmission of K repetitions
larger than the time duration derived by the periodicity
P. If the UE determines that, for a transmission occasion,
the number of symbols available for the PUSCH trans-
mission in a slot is smaller than transmission duration L,
the UE may not transmit the PUSCH in the transmission
occasion.

[0233] The procedures apply to PUSCH transmissions
of PUSCH repetition Type A with a Type 1 or Type 2
configured grant. The RRC parameter repK-RV defines
the redundancy version pattern to be applied to the rep-
etitions. If cg-RetransmissionTimer is provided, the re-
dundancy version for uplink transmission with a config-
ured grant is determined by the UE. If the parameter
repK-RV is not provided in the configuredGrantConfig
and cg-RetransmissionTimer is not provided, the redun-
dancy version for uplink transmissions with a configured
grant may have to be set to 0. If the parameter repK-RV
is provided in the configuredGrantConfig and cg-Re-
transmissionTimer is not provided, for the nth transmis-
sion occasion among K repetitions, n=1, 2, ..., K, it is
associated with (mod(n-1,4)+1)th value in the configured
RV sequence. If a configured grant configuration is con-
figured with startingFromRVO set to ‘off, the initial trans-
mission of a transport block may only start at the first
transmission occasion of the K repetitions. Otherwise,
the initial transmission of a transport block may start the
first transmission occasion of the K repetitions if the con-
figured RV sequenceis {0,2,3,1}, any of the transmission
occasions of the K repetitions that are associated with
RV=0 if the configured RV sequence is {0,3,0,3}, and/or
any of the transmission occasions of the K repetitions if
the configured RV sequence is {0,0,0,0}, except the last
transmission occasion when K>8.

[0234] If a configured grant configuration is not config-
ured with startingFromRVO set to ’off and if available
slot-based counting is configured, the initial transmission
of a transport block may start at the first transmission
occasion of the K repetitions.
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[0235] If a configured grant configuration is not config-
ured with startingFromRVO set to ‘off and if available
slot-based counting is not configured, the initial transmis-
sion of a transport block may start the first transmission
occasion of the K repetitions if the configured RV se-
quence is {0,2,3,1}, any of the transmission occasions of
the K repetitions that are associated with RV=0 if the
configured RV sequence is {0,3,0,3}, and/or any of the
transmission occasions of the K repetitions if the config-
ured RV sequence is {0,0,0,0}, except the last transmis-
sion occasion when K>8.

[0236] If a configured grant configuration is not config-
ured with startingFromRVO set to ‘off and if available
slot-based counting is configured, the initial transmission
of a transport block may start the first transmission oc-
casion of the K repetitions if the configured RV sequence
is {0,2,3,1}, any of the transmission occasions of the K
repetitions that are associated with RV=0 if the config-
ured RV sequence is {0,3,0,3}, and/or any of the trans-
mission occasions of the K repetitions if the configured
RV sequence is {0,0,0,0}, except the last transmission
occasion when K>8.

[0237] If a configured grant configuration is not config-
ured with startingFromRVO set to ‘off and if available
slot-based counting is not configured, the initial transmis-
sion of a transport block may start the first transmission
occasion of the K repetitions if the configured RV se-
quence is {0,2,3,1}, any of the transmission occasions of
the K repetitions that are associated with RV=0 assuming
the transmission occasions of the K repetitions are de-
termined based on consecutive physical slots if the con-
figured RV sequence is {0,3,0,3}, and/or any of the trans-
mission occasions of the K repetitions if the configured
RV sequence is {0,0,0,0}, except the last transmission
occasion when K>8.

[0238] ForanyRV sequence, the repetitions may have
to be terminated after transmitting K repetitions, or at the
last transmission occasion among the K repetitions within
the period P, or from the starting symbol of the repetition
that overlaps with a PUSCH with the same HARQ proc-
ess scheduled by DClformat0_0, 0_1 or 0_2, whichever
is reached first. In addition, the UE may have to terminate
the repetition of a transport block in a PUSCH transmis-
sion if the UE receives a DCI format 0_1 with DFI flag
provided and set to '1’, and if in this DCI the UE detects
ACK for the HARQ process corresponding to that trans-
port block.

[0239] The UE is not expected to be configured with
the time duration for the transmission of K repetitions
larger than the time duration derived by the periodicity
P. Ifthe UE determines that, for a transmission occasion,
the number of symbols available for the PUSCH trans-
mission in a slot is smaller than transmission duration L,
the UE does not transmit the PUSCH in the transmission
occasion.

[0240] For unpaired spectrum, when an RRC param-
eter AvailableSlotCounting is enabled, the UE deter-
mines N*K slots for a PUSCH transmission of a PUSCH
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repetition Type A, based on RRC parameters tdd-UL-DL-
ConfigurationCommon, tdd-UL-DL-ConfigurationDedi-
cated and ssb-PositionsInBurst. A slot is not counted in
the number of N*K slots for PUSCH transmission of a
PUSCH repetition Type A if at least one of the symbols
indicated by the indexed row of the used resource allo-
cation table in the slot overlaps with a DL symbol indi-
cated by tdd-UL-DL-ConfigurationCommon or tdd-UL-
DL-ConfigurationDedicated if provided, or a symbol of
an SS/PBCH block with index provided by ssb-Position-
sInBurst. Otherwise, the UE determines N*K consecutive
slots for a PUSCH transmission of a PUSCH repetition
Type A. For the case of reduced capability half-duplex
UE, and when AvailableSlotCounting is enabled, a slot
is not counted in the number of N*K slots for a PUSCH
transmission of a PUSCH repetition Type A, if at least
one of the symbols indicated by the indexed row of the
used resource allocation table in the slot overlaps with a
symbol of an SS/PBCH block with index provided by ssb-
PositionsInBurst.

[0241] For paired spectrum and SUL band, The UE
determines N*K consecutive slots for a PUSCH trans-
mission of a PUSCH repetition type A, irrespective of
whether AvailableSlotCounting is enabled or not. For the
case of reduced capability half-duplex UE, and when
AvailableSlotCounting is enabled, a slot is not counted
in the number of N*K slots for a PUSCH transmission of
a PUSCH repetition Type A, if at least one of the symbols
indicated by the indexed row of the used resource allo-
cation table in the slot overlaps with a symbol of an
SS/PBCH block with index provided by ssb-Positionsin-
Burst.

[0242] For both Type 1 and Type 2 PUSCH transmis-
sions with a configured grant, when K > 1, for unpaired
spectrum, if an RRC parameter AvailableSlotCounting is
enabled, the UE may have to repeat the TB across the
N*K slots determined for the PUSCH transmission ap-
plying the same symbol allocation in each slot. Other-
wise, the UE may have to repeat the TB across the N*K
consecutive slots applying the same symbol allocation
in each slot, except if the UE is provided with higher layer
parameters cg-nrofSlots and cg-nrofPUSCH-InSlot, in
which case the UE repeats the TB in the repK earliest
consecutive transmission occasion candidates within the
same configuration.

[0243] For both Type 1 and Type 2 PUSCH transmis-
sions with a configured grant, when K > 1, for paired
spectrum, irrespective of whether AvailableSlotCounting
is enabled or not, the UE may have to repeat the TB
across the N*K consecutive slots applying the same sym-
bol allocation in each slot, except if the UE is provided
with higher layer parameters cg-nrofSlots and cg-nrof-
PUSCHe-InSlot, in which case the UE repeats the TB in
therepK earliest consecutive transmission occasion can-
didates within the same configuration. A Type 1 or Type
2 PUSCH transmission with a configured grant in a slot
is omitted according to the conditions in the UE proce-
dure(s) for reporting control information, the UE proce-
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dure(s) for determining slot configuration(s) and the UE
procedure(s) associated with cancellation indication.
[0244] If the available slot based counting is not con-
figured [or for paired spectrum], for both Type 1 and Type
2 PUSCH transmissions with a configured grant, when
K > 1, the UE may have to repeat the TB across the K
consecutive slots applying the same symbol allocation
in each slot, except if the UE is provided with higher layer
parameters cg-nrofSlots and cg-nrofPUSCH-InSlot, in
which case the UE repeats the TB in the repK earliest
consecutive transmission occasion candidates within the
same configuration.

[0245] Ifthe available slotbased counting is configured
[and for unpaired spectrum], for both Type 1 and Type 2
PUSCH transmissions with a configured grant, when K
> 1, the UE may have to repeat the TB across the first K
available slots applying the same symbol allocation in
each slot where each of the available slots is a slot having
an UL symbol, as described in the UE procedure(s) for
determining slot configuration(s), or flexible symbol, as
described in the UE procedure(s) for determining slot
configuration(s), that is not SS/PBCH block symbol, for
the PUSCH, and[/or] consecutive UL symbols, as de-
scribed in the UE procedure(s) for determining slot con-
figuration(s), or flexible symbols, as described in the UE
procedure(s) for determining slot configuration(s), that
are not SS/PBCH block symbols, starting from the first
symbol, equal to or larger than a number of symbols for
the PUSCH, except if the UE is provided with higher layer
parameters cg-nrofSlots and cg-nrofPUSCH-InSlot, in
which case the UE repeats the TB in the repK earliest
consecutive transmission occasion candidates within the
same configuration. A Type 1 or Type 2 PUSCH trans-
mission with a configured grant in a slot is omitted ac-
cording to the conditions in the UE procedure(s) for re-
porting control information, the UE procedure(s) for de-
termining slot configuration(s) and the UE procedure(s)
associated with cancellation indication. A SS/PBCH
block symbol is a symbol of an SS/PBCH block with can-
didate SS/PBCH block index corresponding to the
SS/PBCH block index indicated to a UE by ssb-Position-
sInBurst in SIB 1 or ssb-PositionsInBurst in ServingCell-
ConfigCommon, as described in the UE synchronization
procedure for searching a cell.

[0246] Ifavailable slotbased counting is not configured
[or for paired spectrum], for both Type 1 and Type 2
PUSCH transmissions with a configured grant, when K
> 1, the UE may have to repeat the TB across the K
consecutive slots applying the same symbol allocation
in each slot, except if the UE is provided with higher layer
parameters cg-nrofSlots and cg-nrofPUSCH-InSlot, in
which case the UE repeats the TB in the repK earliest
consecutive transmission occasion candidates within the
same configuration.

[0247] If available slot based counting is configured
[and for unpaired spectrum], for both Type 1 and Type 2
PUSCH transmissions with a configured grant, when K
> 1, the UE may have to repeat the TB across an initial
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slot and the following K-1 available slots applying the
same symbol allocation in each slot where the initial slot
is a slot having the symbol defined in the uplink trans-
mission procedure(s) without dynamic grant by the MAC
entity and each of the available slots is a slot having an
UL symbol, as described in the UE procedure(s) for de-
termining slot configuration(s), or flexible symbol, as de-
scribed in the UE procedure(s) for determining slot con-
figuration(s), that is not SS/PBCH block symbol, for the
PUSCH, and/or consecutive UL symbols, as described
in the UE procedure(s) for determining slot configura-
tion(s), or flexible symbols, as described in the UE pro-
cedure(s) for determining slot configuration(s), that are
not SS/PBCH block symbols, starting from the first sym-
bol, equal to or larger than a number of symbols for the
PUSCH, except if the UE is provided with higher layer
parameters cg-nrofSlots and cg-nrofPUSCH-InSlot, in
which case the UE repeats the TB in the repK earliest
consecutive transmission occasion candidates within the
same configuration. A Type 1 or Type 2 PUSCH trans-
mission with a configured grant in a slot is omitted ac-
cording to the conditions in the UE procedure(s) for re-
porting control information, the UE procedure(s) for de-
termining slot configuration(s) and the UE procedure(s)
associated with cancellation indication. A SS/PBCH
block symbol is a symbol of an SS/PBCH block with can-
didate SS/PBCH block index corresponding to the
SS/PBCH block index indicated to a UE by ssb-Position-
sInBurstin SIB 1 or ssb-PositionsInBurst in ServingCell-
ConfigCommon, as described in the UE synchronization
procedure for searching a cell.

[0248] The MAC entity may be included in the medium
access control layer processing unit 15.

[0249] The UE may not expect that the initial slot is not
available.
[0250] If the available slot-based counting is not con-

figured or for paired spectrum, for both Type 1 and Type
2 PUSCH transmissions with a configured grant, when
K > 1, the UE may have to repeat the TB across the K
consecutive slots applying the same symbol allocation
in each slot, except if the UE is provided with higher layer
parameters cg-nrofSlots and cg-nrofPUSCH-InSlot, in
which case the UE repeats the TB in the repK earliest
consecutive transmission occasion candidates within the
same configuration.

[0251] If the available slot-based counting is config-
ured and for unpaired spectrum, for both Type 1and Type
2 PUSCH transmissions with a configured grant, when
K > 1, the UE may have to repeat the TB across the K
available slots applying the same symbol allocation in
each slotwhere each of the available slots is a slot having
an UL symbol, as described in those procedures, or flex-
ible symbol, according to the conditions in those proce-
dures, thatis not SS/PBCH block symbol, for the PUSCH,
and/or consecutive UL symbols, according to the condi-
tions in those procedures, or flexible symbols, according
to the conditions in those procedures, that are not
SS/PBCH block symbols, starting from the first symbol,
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equal to or larger than a number of symbols for the
PUSCH, except if the UE is provided with higher layer
parameters cg-nrofSlots and cg-nrofPUSCH-InSlot, in
which case the UE repeats the TB in the repK earliest
consecutive transmission occasion candidates within the
same configuration.

[0252] A Type 1 or Type 2 PUSCH transmission with
a configured grant in a slot is omitted according to the
conditions in those procedures. An SS/PBCH block sym-
bol is a symbol of an SS/PBCH block with candidate
SS/PBCH block index corresponding to the SS/PBCH
block index indicated to a UE by ssb-PositionsInBurst in
SIB1 or ssb-PositionsInBurst in ServingCellConfigCom-
mon, according to the conditions in those procedures.
[0253] For both Type 1 and Type 2 PUSCH transmis-
sions with a configured grant, when K > 1, the UE may
have to repeat the TB across the K consecutive slots
applying the same symbol allocation in each slot, except
if the UE is provided with RRC parameters cg-nrofSlots
and cg-nrofPUSCH-InSlot, in which case the UE repeats
the TB in the repK earliest consecutive transmission oc-
casion candidates within the same configuration. A Type
1 or Type 2 PUSCH transmission with a configured grant
in a slot is omitted according to the conditions in one or
more RRC configurations.

[0254] The procedures apply to PUSCH transmissions
of PUSCH repetition Type B with a Type 1 or Type 2
configured grant. For PUSCH transmissions with a Type
1 or Type 2 configured grant, the nominal repetitions and
the actual repetitions are determined according to the
procedures for PUSCH repetition Type B according to at
leastone of defined inthose procedures. The higher layer
configured parameters repK-RV defines the redundancy
version pattern to be applied to the repetitions. If the pa-
rameter repK-RV is not provided in the configuredGrant-
Config, the redundancy version for each actual repetition
with a configured grant may have to be set to 0. Other-
wise, for the nth transmission occasion among all the
actual repetitions (including the actual repetitions thatare
omitted) of the K nominal repetitions, it is associated with
(mod(n-1,4)+1)t value in the configured RV sequence.
If a configured grant configuration is configured with start-
ingFromRVO set to 'off’, the initial transmission of a trans-
portblock may only start atthe first transmission occasion
of the actual repetitions. Otherwise, the initial transmis-
sion of a transport block may start at the first transmission
occasion of the actual repetitions if the configured RV
sequence is {0,2,3,1}, any of the transmission occasions
of the actual repetitions that are associated with RV=0 if
the configured RV sequence is {0,3,0,3}, and/or any of
the transmission occasions of the actual repetitions if the
configured RV sequence is {0,0,0,0}, except the actual
repetitions within the last nominal repetition when K>8.
[0255] ForanyRV sequence, the repetitions may have
to be terminated after transmitting K nominal repetitions,
or at the last transmission occasion among the Knominal
repetitions within the period P, or from the starting symbol
of arepetition that overlaps with a PUSCH with the same
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HARQ process scheduled by DClformat0_0,0_10r0_2,
whichever is reached first. The UE is not expected to be
configured with the time duration for the transmission of
K nominal repetitions larger than the time duration de-
rived by the periodicity P.

[0256] For PUSCH repetition Type A (as determined
according to procedures defined in those procedures for
scheduled PUSCH, or those procedures for configured
PUSCH), a UE is configured for frequency hopping by
the RRC parameter frequencyHoppingDCI-0-1 (e.g. fre-
quencyHoppingDCI-0-1-r16  and/or  frequencyHop-
pingDCI-0-1-r17) in pusch-Config for PUSCH transmis-
sion scheduled by DCI format 0_1, and frequencyHop-
pingDCI-0-2 in pusch-Config for PUSCH transmission
scheduled by DCI format 0_2, and by frequencyHopping
provided in pusch-Config for PUSCH transmission
scheduled by a DCI format other than 0_2, and by fre-
quencyHopping provided in configuredGrantConfig for
configured PUSCH transmission, and by frequencyHop-
pingPUSCH-RepTypeA provided in rrc-ConfiguredU-
plinkGrant for Type 1 configured PUSCH transmission.
One of two frequency hopping modes (intra-slot frequen-
cy hopping, applicable to single slot and multi-slot
PUSCH transmission and inter-slot frequency hopping,
applicable to multi-slot PUSCH transmission) can be con-
figured. One frequency hopping mode can be further con-
figured (inter-repetition frequency hopping, applicable to
multi-slot PUSCH transmission).

[0257] The pusch-Config may be referred to the
PUSCH-Config.

[0258] The pusch-Config may be referred to as the
PUSCH-Config.

[0259] The RRC parameter frequencyHopping indi-
cates that the value intraSlot enables ’Intra-slot frequen-
cy hopping’ and the value interSlot enables ’Inter-slot fre-
quency hopping’. If the field is absent, frequency hopping
is not configured for 'pusch-RepTypeA’. The field fre-
quencyHopping applies to DCI format 0_0 and 0_1 for
‘pusch-RepTypeA'.

[0260] The RRC parameter frequencyHoppingDCI-
0-1-r16 indicates the frequency hopping scheme for DCI
format 0_1 when pusch-RepTypelndicatorDCI-0-1 is set
to 'pusch-RepTypeB’, The value interRepetition enables
‘Inter-repetition frequency hopping’, and the value in-
terSlot enables ’Inter-slot frequency hopping’. If the field
is absent, frequency hopping is not configured for DCI
format 0_1.

[0261] The RRC parameter frequencyHoppingDCI-
0-1-r17 indicates the frequency hopping scheme for DCI
format 0_1 when pusch-RepTypelndicatorDCI-0-1 is set
to 'pusch-RepTypeA’ or 'pusch-RepTypeB’ with ’Inter-
repetition frequency hopping’. The value interRepetition
enables 'Inter-repetition frequency hopping’, and the val-
ue interSlot enables ’Inter-slot frequency hopping’, and
the value intraSlot enables ’intra-slot frequency hopping’.
If the field is absent, inter-repetition frequency hopping
is not configured for DCI format 0_1 for ‘pusch-Rep-
TypeA’ and frequency hopping is not configured for DCI
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format0_1 for’pusch-RepTypeB’. Or the RRC parameter
frequencyHoppingDCI-0-1-r17 may indicate the frequen-
cy hopping scheme for DCI format 0_1 when pusch-Rep-
TypelndicatorDCI-0-1 is set to ‘pusch-RepTypeA’ ena-
bling ’Inter-repetition frequency hopping’.

[0262] In case of resource allocation type 2, the UE
transmits PUSCH without frequency hopping.

[0263] In case of resource allocation type 1, whether
or not transform precoding is enabled for PUSCH trans-
mission, the UE may perform PUSCH frequency hop-
ping, if the frequency hopping field in a corresponding
detected DCI format or in a random access response UL
grant is set to 1, or if for a Type 1 PUSCH transmission
with a configured grant the RRC parameter frequency-
HoppingOffset is provided, otherwise no PUSCH fre-
quency hopping is performed. When frequency hopping
is enabled for PUSCH, the RE mapping is defined in
those procedures.

[0264] Fora PUSCH scheduled by RAR UL grant, fall-
backRAR UL grant, or by DCI format 0_0 with CRC
scrambled by TC-RNTI, frequency offsets are obtained
as described in those procedures. For a PUSCH sched-
uled by DCI format 0_0/0_1 or a PUSCH based on a
Type2 configured UL grant activated by DCI format
0_0/0_1 and for resource allocation type 1, frequency
offsets are configured by RRC parameter frequencyHop-
pingOffsetLists in pusch-Config. For a PUSCH sched-
uled by DCI format 0_2 or a PUSCH based on a Type2
configured UL grant activated by DCI format 0_2 and for
resource allocation type 1, frequency offsets are config-
ured by RRC parameter frequencyHoppingOffsetListsD-
CI-0-2 in pusch-Config. When the size of the active BWP
is less than 50 PRBs, one of two higher layer configured
offsets is indicated in the UL grant. When the size of the
active BWP is equal to or greater than 50 PRBs, one of
four higher layer configured offsets is indicated in the UL
grant.

[0265] For PUSCH based on a Type1 configured UL
grant the frequency offset is provided by the RRC pa-
rameter frequencyHoppingOffset in rrc-ConfiguredU-
plinkGrant.

[0266] For PUSCH repetition Type B (as determined
according to procedures defined in those procedures for
scheduled PUSCH, or those procedures for configured
PUSCH), a UE is configured for frequency hopping by
the RRC parameter frequencyHoppingDCI-0-2 in pusch-
Config for PUSCH transmission scheduled by DCI format
0_2, by frequencyHoppingDCI-0-1 provided in pusch-
Config for PUSCH transmission scheduled by DCI format
0_1, and by frequencyHoppingPUSCH-RepTypeB pro-
vided in rrc-ConfiguredUplinkGrant for Type 1 configured
PUSCH transmission. The frequency hopping mode for
Type 2 configured PUSCH transmission follows the con-
figuration of the activating DCI format. One of two fre-
quency hopping modes (Inter-repetition frequency hop-
ping and Inter-slot frequency hopping) can be configured.
[0267] In case of resource allocation type 1, whether
or not transform precoding is enabled for PUSCH trans-
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mission, the UE may perform PUSCH frequency hop-
ping, if the frequency hopping field in a corresponding
detected DCI format is set to 1, or if for a Type 1 PUSCH
transmission with a configured grant the RRC parameter
frequencyHoppingPUSCH-RepTypeB is provided, oth-
erwise no PUSCH frequency hopping is performed.
When frequency hopping is enabled for PUSCH, the RE
mapping is defined in those procedures.

[0268] For a PUSCH scheduled by DCI format 0_1 or
a PUSCH based on a Type 2 configured UL grant acti-
vated by DCI format 0_1 and for resource allocation type
1, frequency offsets are configured by RRC parameter
frequencyHoppingOffsetLists in pusch-Config. For a
PUSCH scheduled by DCl format0_2 ora PUSCH based
on a Type 2 configured UL grant activated by DCI format
0_2 and for resource allocation type 1, frequency offsets
are configured by RRC parameter frequencyHoppingOff-
setListsDCI-0-2 in pusch-Config. When the size of the
active BWP is less than 50 PRBs, one of two higher layer
configured offsets is indicated in the UL grant. When the
size of the active BWP is equal to or greater than 50
PRBs, one of four higher layer configured offsets is indi-
cated in the UL grant.

[0269] For PUSCH based on a Type1 configured UL
grant the frequency offset is provided by the RRC pa-
rameter frequencyHoppingOffset in rrc-ConfiguredU-
plinkGrant.

[0270] In case of inter-slot frequency hopping, the
starting RB during slot n*u_s follows that of inter-slot fre-
quency hopping for PUSCH Repetition Type A according
to at least one of the conditions defined in those proce-
dures.

[0271] If the UE is not capable of a certain coverage
enhancement feature(s) (e.g. available slot based
PUSCH repetition counting) or if the UE is not provided
with a certain coverage enhancement configuration(s)
(e.g. available slot based PUSCH repetition counting),
the following (i.e. the number of repetitions counted
based on contiguous (or continuous, or consecutive)
slots) may be applied. Alternatively or additionally, if the
UE is capable of a certain coverage enhancement fea-
ture(s) and if the UE is provided with a slot-counting type
configuration (the RRC configuration or RRC parameter
for indicating whether the number of repetitions are
counted based on contiguous (or continuous) slots or
based on available slots) which indicates the PUSCH
repetition to be counted based on contiguous slots, the
following may be applied. For both Type 1 and Type 2
PUSCH transmissions with a configured grant, when K
> 1, the UE may repeat the TB across the K consecutive
slots applying the same symbol allocation in each slot,
except if the UE is provided with RRC parameters cg-
nrofSlots and cg-nrofPUSCH-InSlot, in which case the
UE may repeat the TB in the repK earliest consecutive
transmission occasion candidates within the same con-
figuration. A Type 1 or Type 2 PUSCH transmission with
a configured grant in a slot may be omitted according to
the conditions at least and/or at most in, PUSCH-priority
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based procedure, slot configuration based procedure,
slot format based procedure and cancellation indication
based procedure. Forexample, a slot may be determined
as available if the slot is available according to all the
conditions defined in those procedures, and/or the slot
may be determined as not available if the slot is not avail-
able according to at least one of the conditions defined
in those procedures.

[0272] Itis noted that the aforementioned slot-counting
type configuration may be referred to as a differentname.
The existence of the slot-counting type configuration in
RRC configuration message may mean that the number
of repetitions is counted based on available slots while
the absence of the slot-counting type configuration in
RRC configuration message may mean that the number
of repetitions is counted based on contiguous slots. Ad-
ditionally and/or alternatively, the slot-counting type con-
figuration set to the first value (e.g. ’contiguous’) may
mean that the number of repetitions is counted based on
contiguous slots while the slot-counting type configura-
tion set to the second value (e.g. ’available’) may mean
that the number of repetitions is counted based on avail-
able slots.

[0273] If the UE is capable of a certain coverage en-
hancement feature(s) and/or if the UE is provided with a
certain coverage enhancement configuration(s), the fol-
lowing (i.e. the number of repetitions counted based on
available slots) may be applied. Alternatively or addition-
ally, if the UE is capable of a certain coverage enhance-
ment feature(s)and if the UE is provided with a slot-count-
ing type configuration which indicates the PUSCH repe-
tition to be counted based on available slots, the following
may be applied. For both Type 1 and Type 2 PUSCH
transmissions with a configured grant, when K > 1, the
UE may repeat the TB across the K available slots (i.e.
the first K slots which are available for the PUSCH trans-
mission) applying the same symbol allocation in each
slot. The K available slots may be determined according
to the conditions at least and/or at most in, PUSCH-pri-
ority based procedure, slot configuration based proce-
dure, slot format based procedure and cancellation indi-
cation based procedure. For example, a slot may be de-
termined as available if the slot is available according to
all the conditions defined in those procedures, and/or the
slot may be determined as not available if the slot is not
available according to at least one of the conditions de-
fined in those procedures.

[0274] The pattern of inter-slot frequency hopping ac-
cording to the available slots may be determined based
on the omission of PUSCH transmissions.

[0275] The pattern of RV according to the available
slots may be determined based on the omission of
PUSCH transmissions.

[0276] The pattern of slot-counting according to the
available slots may be determined based on the omission
of PUSCH transmissions.

[0277] The PUSCH-priority based procedure is de-
scribed. If a PUSCH is scheduled by a DCI or a PUSCH
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with configured grant is configured, the PUSCH is trans-
mitted unless otherwise stated.

[0278] A PUSCH or a PUCCH transmission, including
repetitions if any, can be of priority index O or of priority
index 1. For a configured grant PUSCH transmission, a
UE may determine a priority index from RRC parameter
phy-Prioritylndex, if provided. For a PUCCH transmis-
sion with HARQ-ACK information corresponding to a
SPS PDSCH reception or a SPS PDSCH release, a UE
may determine a priority index from RRC parameter
harg-CodebookID, if provided. For a PUCCH transmis-
sion with SR, a UE may determine the corresponding
priority by RRC parameter phy-Prioritylndex in RRC pa-
rameter SchedulingRequestResourceConfig, if any. For
a PUSCH transmission with semi-persistent CSlI report,
a UE may determine a priority index from a priority indi-
cator field, if provided, in a DCI format that activates the
semi-persistent CSl report. If a priority index is not pro-
vided to a UE for a PUSCH or a PUCCH transmission,
the priority index may be 0.

[0279] If in an active DL BWP a UE may monitor PD-
CCH either for detection of DCI format 0_1 and DCI for-
mat1_1 orfor detection of DClformat0_2 and DClformat
1_2, apriority index can be provided by a priority indicator
field. If a UE indicates a capability to monitor, in an active
DL BWP, PDCCH for detection of DCI format 0_1 and
DCI format 1_1 and for detection of DCI format 0_2 and
DCI format 1_2, a DCI format 0_1 or a DCI format 0_2
can schedule a PUSCH transmission of any priority and
a DCI format 1_1 or a DCI format 1_2 can schedule a
PDSCH reception and trigger a PUCCH transmission
with corresponding HARQ-ACK information of any prior-
ity.

[0280] When a UE determines overlapping for PUCCH
and/or PUSCH transmissions of different priority index-
es, including repetitions if any, the UE may first resolve
the overlapping for PUCCH and/or PUSCH transmis-
sions of smaller priority index. Then: if a transmission of
afirst PUCCH of larger priority index scheduled by a DCI
format in a PDCCH reception would overlap in time with
a repetition of a transmission of a second PUSCH or a
second PUCCH of smaller priority index, the UE may
cancel the repetition of a transmission of the second
PUSCH or the second PUCCH before the first symbol
that would overlap with the first PUCCH transmission; if
a transmission of a first PUSCH of larger priority index
scheduled by a DCI format in a PDCCH reception would
overlap in time with a repetition of the transmission of a
second PUCCH of smaller priority index, the UE may
cancel the repetition of the transmission of the second
PUCCH before the first symbol that would overlap with
the first PUSCH transmission. The overlapping may be
applicable before or after resolving overlapping among
channels of larger priority index, if any. The UE may ex-
pect that the transmission of the first PUCCH or the first
PUSCH, respectively, would not start before
T_(proc,2)+d_1 after a last symbol of the corresponding
PDCCH reception. T_(proc,2) is the PUSCH preparation
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time for a corresponding UE processing capability as-
suming d_2,1=0, based on w and N_2, and d_1 is deter-
mined by a reported UE capability.

[0281] If the slot-counting type configuration indicates
that the number of repetitions to be counted based on
contiguous slots, the above-described processing time
requirement that the first PUSCH would not start before
T_(proc,2)+d_1 after a last symbol of the corresponding
PDCCH reception may be applied. If the slot-counting
type configuration indicates that the number of repetitions
to be counted based on available slots, the processing
time requirement may be relaxed. For example, the
processing time requirement that the first PUSCH would
not start before T_(proc,2)+d_1+d_x after a last symbol
of the corresponding PDCCH reception may be applied,
where d_x is a positive value. The d_x may be expressed
in unit of symbols. In other words, If the number of rep-
etitions for PUSCH repetition Type A is counted based
on contiguous slots, the processing time requirement that
the first PUSCH would not start before T_(proc,2)+d_1
after a last symbol of the corresponding PDCCH recep-
tion may be applied. If the number of repetitions for
PUSCH repetition Type A is counted based on available
slots, the processing time requirement may be relaxed.
The relaxation of the processing time requirement may
mean allowing longer gap duration between PUSCH start
and the end of the corresponding PDCCH, where the
processing time requirement may be the maximum
processing time which is required for cancellation of a
scheduled/configured/granted PUSCH transmission.
[0282] If a UE is scheduled by a DCI format in a first
PDCCH reception to transmit a first PUCCH or a first
PUSCH of larger priority index that overlaps with a sec-
ond PUCCH or a second PUSCH transmission of smaller
priority index that, if any, is scheduled by a DCI format
inasecond PDCCH, T_(proc,2) may be based on a value
of u corresponding to the smallest SCS configuration of
the first PDCCH, the second PDCCHs, the first PUCCH
or the first PUSCH, and the second PUCCHs or the sec-
ond PUSCHs. If the overlapping group includes the first
PUCCH, N_2is 5 for n=0, 5.5 for p=1 and 11 for p=2 if
RRC parameter processingType2Enabled of RRC pa-
rameter PDSCH-ServingCellConfig is set to enable for
the serving cell where the UE receives the first PDCCH
and for all serving cells where the UE receives the PD-
SCHs corresponding to the second PUCCHs, and if
processingType2Enabled of RRC parameter PUSCH-
ServingCellConfig is set to enable for the serving cells
with the second PUSCHSs, N_2 is 10 for n=0, 12 for p.=1,
23 for p=2, and 36 for u.=3 otherwise. If the overlapping
group includes the first PUSCH, N_2 is 5 for u=0, 5.5 for
r=1 and 11 for p=2 if processingType2Enabled of
PUSCH-ServingCellConfig is set to enable for the serv-
ing cells with the first PUSCH and the second PUSCHs
and if processingType2Enabled of PDSCH-ServingCell-
Config is set to enable for all serving cells where the UE
receives the PDSCHs corresponding to the second
PUCCHSs, N_2is 10 for =0, 12 for n=1, 23 for =2, and
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36 for n.=3 otherwise.

[0283] If a UE would transmit the following channels,
including repetitions if any, that would overlap in time: a
first PUCCH of larger priority index with SR and a second
PUCCH or PUSCH of smaller priority index; or a config-
ured grant PUSCH of larger priority index and a PUCCH
of smaller priority index; or a first PUCCH of larger priority
index with HARQ-ACK information only in response to a
PDSCH reception without a corresponding PDCCH and
asecond PUCCH of smaller priority index with SR and/or
CSlI, or a configured grant PUSCH with smaller priority
index, or a PUSCH of smaller priority index with SP-CSI
report(s) without a corresponding PDCCH; or a PUSCH
of larger priority index with SP-CSI reports(s) without a
corresponding PDCCH and a PUCCH of smaller priority
index with SR, or CSI, or HARQ-ACK information only in
response to a PDSCH reception without a corresponding
PDCCH,; or a configured grant PUSCH of larger priority
index and a configured PUSCH of lower priority index on
a same serving cell, the UE may be expected to cancel
a repetition of the PUCCH/PUSCH transmissions of
smaller priority index before the first symbol overlapping
with the PUCCH/PUSCH transmission of larger priority
index if the repetition of the PUCCH/PUSCH transmis-
sions of smaller priority index overlaps in time with the
PUCCH/PUSCH transmissions of larger priority index.
[0284] A UE may notexpecttobe scheduledtotransmit
a PUCCH or a PUSCH with smaller priority index that
would overlap in time with a PUCCH of larger priority
index with HARQ-ACK information only in response to a
PDSCH reception without a corresponding PDCCH. A
UE may not expect to be scheduled to transmita PUCCH
of smaller priority index that would overlap in time with a
PUSCH of larger priority index with SP-CSl report(s) with-
out a corresponding PDCCH.

[0285] If a UE multiplexes aperiodic CSl in a PUSCH
and the UE would multiplex UCI that includes HARQ-
ACK information in a PUCCH that overlaps with the
PUSCH and the timing conditions for overlapping
PUCCHs and PUSCHs are fulfilled, the UE may multiplex
only the HARQ-ACK information in the PUSCH and does
not transmit the PUCCH.

[0286] If a UE transmits multiple PUSCHs in a slot on
respective serving cells that include first PUSCHs that
are scheduled by DCI formats and second PUSCHs con-
figured by respective RRC parameter ConfiguredGrant-
Config or semiPersistentOnPUSCH, and the UE would
multiplex UCI in one of the multiple PUSCHSs, and the
multiple PUSCHs fulfil the conditions for UCI multiplex-
ing, the UE may multiplex the UCI in a PUSCH from the
first PUSCHs.

[0287] If a UE transmits multiple PUSCHs in a slot on
respective serving cells and the UE would multiplex UCI
in one of the multiple PUSCHSs and the UE does not mul-
tiplex aperiodic CSl in any of the multiple PUSCHs, the
UE may multiplex the UCIl in a PUSCH of the serving cell
with the smallest RRC parameter ServCellindex subject
to the conditions for UCI multiplexing being fulfilled. If the
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UE transmits more than one PUSCHs in the slot on the
serving cell with the smallest ServCellindex that fulfil the
conditions for UCI multiplexing, the UE may multiplex the
UCI in the earliest PUSCH that the UE transmits in the
slot.

[0288] If a UE transmits a PUSCH over multiple slots
and the UE would transmit a PUCCH with HARQ-ACK
and/or CSI information over a single slot that overlaps
with the PUSCH transmission in one or more slots of the
multiple slots, and the PUSCH transmission in the one
or more slots fulfills the conditions for multiplexing the
HARQ-ACK and/or CSI information, the UE may multi-
plex the HARQ-ACK and/or CSI information in the
PUSCH transmission in the one or more slots. The UE
may not multiplex HARQ-ACK and/or CSI information in
the PUSCH transmission in a slot from the multiple slots
if the UE would not transmit a single-slot PUCCH with
HARQ-ACK and/or CSl information in the slot in case the
PUSCH transmission was absent.

[0289] If the PUSCH transmission over the multiple
slots is scheduled by a DCI format that includes a DAI
field, the value of the DAI field may be applicable for
multiplexing HARQ-ACK information in the PUSCH
transmission in any slot from the multiple slots where the
UE multiplexes HARQ-ACK information.

[0290] When a UE would multiplex HARQ-ACK infor-
mation in a PUSCH transmission that is configured by
an RRC parameter ConfiguredGrantConfig, andincludes
CG-UCI, the UE may multiplex the HARQ-ACK informa-
tion in the PUSCH transmission if the UE is provided
RRC parameter cg-UCI-Multiplexing; otherwise, the UE
does nottransmit the PUSCH and multiplexes the HARQ-
ACK information in a PUCCH transmission or in another
PUSCH transmission.

[0291] If a PUSCH (or a repetition of a PUSCH) in a
slotis determined to be transmitted or to multiplex UCI(s),
the slot may be considered as available for the PUSCH
transmission. If a PUSCH (or a repetition of a PUSCH)
in a slot is determined to be cancelled, the slot may be
considered as not available for the PUSCH transmission.
[0292] The slot configuration based procedure is de-
scribed. If a PUSCH is scheduled by a DCI or a PUSCH
with configured grant is configured, the PUSCH is trans-
mitted unless otherwise stated.

[0293] If a UE is provided RRC parameter tdd-UL-DL-
ConfigurationCommon, the UE may set the slot format
(the format which indicates which type of symbol between
downlink, uplink and flexible symbols each symbol in a
slot is) per slot over a number of slots as indicated by
tdd-UL-DL-ConfigurationCommon. If the UE is addition-
ally provided RRC parameter tdd-UL-DL-Configura-
tionDedicated, the parameter tdd-UL-DL-Configura-
tionDedicated may override only flexible symbols per slot
over the number of slots as provided by tdd-UL-DL-Con-
figurationCommon.

[0294] For operation on a single carrier in unpaired
spectrum, if a UE is configured by higher layers to receive
a PDCCH, or a PDSCH, or a CSI-RS, ora DL PRS in a
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set of symbols of a slot, the UE receives the PDCCH, the
PDSCH, the CSI-RS, or the DL PRS if the UE does not
detect a DCI format that indicates to the UE to transmit
aPUSCH, a PUCCH, a PRACH, ora SRS in at least one
symbol of the set of symbols of the slot; otherwise, the
UE may not receive the PDCCH, or the PDSCH, or the
CSI-RS, or the DL PRS in the set of symbols of the slot.
[0295] For operation on a single carrier in unpaired
spectrum, if a UE is configured by higher layers to trans-
mit SRS, or PUCCH, or PUSCH, or PRACH in a set of
symbols of a slot and the UE detects a DCI format indi-
cating to the UE to receive CSI-RS or PDSCH in a subset
of symbols from the set of symbols, then: the following
A), B) and C) may be applied. A) If the UE does not in-
dicate the capability of partialCancellation, the UE does
not expect to cancel the transmission of the PUCCH or
PUSCH or PRACH in the set of symbols if the first symbol
inthe setoccurs within T_(proc,2) relative to alast symbol
of a CORESET where the UE detects the DCI format;
otherwise, the UE cancels the PUCCH, or the PUSCH,
or an actual repetition of the PUSCH, or the PRACH
transmission in the set of symbols. B) If the UE indicates
the capability of partialCancellation, the UE does not ex-
pect to cancel the transmission of the PUCCH or PUSCH
or PRACH in symbols from the set of symbols that occur
within T_(proc,2) relative to a last symbol of a CORESET
where the UE detects the DCI format. The UE cancels
the PUCCH, or the PUSCH, or an actual repetition of the
PUSCH, or the PRACH transmission in remaining sym-
bols from the set of symbols. C) The UE does not expect
to cancel the transmission of SRS in symbols from the
subset of symbols that occur within T_(proc,2) relative
to a last symbol of a CORESET where the UE detects
the DCI format. The UE cancels the SRS transmission
in remaining symbols from the subset of symbols.
T_(proc,2) is the PUSCH preparation time for the corre-
sponding UE processing capability assuming d_2,1=1
and p. corresponds to the smallest SCS configuration be-
tween the SCS configuration of the PDCCH carrying the
DCI format and the SCS configuration of the SRS,
PUCCH, PUSCH or p_r, where p_r corresponds to the
SCS configuration of the PRACH if it is 15kHz or higher;
otherwise p._r=0.

[0296] If the slot-counting type configuration indicates
that the number of repetitions to be counted based on
contiguous slots, the above-described processing time
requirement that "UE does not expect to cancel the trans-
mission of the PUSCH in the set of symbols if the first
symbol in the set occurs within T_(proc,2) relative to a
last symbol of a CORESET where the UE detects the
DCI format, otherwise UE cancels the PUSCH transmis-
sion" may be applied. If the slot-counting type configura-
tion indicates that the number of repetitions to be counted
based on available slots, the processing time require-
ment may be relaxed. For example, "UE does not expect
to cancel the transmission of the PUSCH in the set of
symbols if the first symbol in the set occurs within
T_(proc,2)+d_x relative to a last symbol of a CORESET
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where the UE detects the DCI format, otherwise UE can-
cels the PUSCH transmission" may be applied, where
d_x is a positive value. In other words, If the number of
repetitions for PUSCH repetition Type Ais counted based
on contiguous slots, the processing time requirement of
T_(proc,2) may be applied. If the number of repetitions
for PUSCH repetition Type A is counted based on avail-
able slots, the longer processing time requirement may
be applied.

[0297] For a set of symbols of a slot that are indicated
to a UE as downlink by tdd-UL-DL-ConfigurationCom-
mon, or tdd-UL-DL-ConfigurationDedicated, the UE may
not transmit PUSCH, PUCCH, PRACH, or SRS when
the PUSCH, PUCCH, PRACH, or SRS overlaps, even
partially, with the set of symbols of the slot.

[0298] For a set of symbols of a slot that are indicated
to a UE as flexible by tdd-UL-DL-ConfigurationCommon,
and tdd-UL-DL-ConfigurationDedicated if provided, the
UE may not expect to receive both dedicated RRC pa-
rameters configuring transmission from the UE in the set
of symbols of the slot and dedicated RRC parameters
configuring reception by the UE in the set of symbols of
the slot.

[0299] For operation on a single carrier in unpaired
spectrum, for a set of symbols of a slot indicated to a UE
by RRC parameter ssb-PositionsInBurst in SIB1 or ssb-
PositionsInBurst in ServingCellConfigCommon, for re-
ception of SS/PBCH blocks, the UE may not transmit
PUSCH, PUCCH, PRACH in the slot if a transmission
would overlap with any symbol from the set of symbols
and the UE does not transmit SRS in the set of symbols
of the slot. The UE may not expect the set of symbols of
the slot to be indicated as uplink by tdd-UL-DL-Configu-
rationCommon, or tdd-UL-DL-ConfigurationDedicated,
when provided to the UE.

[0300] Ifa UE is scheduled by a DCI format to transmit
PUSCH over multiple slots, and if tdd-UL-DL-Configura-
tionCommon, or tdd-UL-DL-ConfigurationDedicated, in-
dicates that, for a slot from the multiple slots, atleast one
symbol from a set of symbols where the UE is scheduled
PUSCH transmission in the slot is a downlink symbol,
the UE may not transmit the PUSCH in the slot.

[0301] If a PUSCH (or a repetition of a PUSCH) in a
slot is determined to be transmitted, the slot may be con-
sidered as available for the PUSCH transmission. If a
PUSCH (or a repetition of a PUSCH) in a slot is deter-
mined to be cancelled or not to be transmitted, the slot
may be considered as notavailable for the PUSCH trans-
mission.

[0302] An example of the definition of T_(proc,2) is de-
scribed. If the first uplink symbol in the PUSCH allocation
for a transport block, including the DM-RS, as defined by
the slot offset K2 and the start S and length L of the
PUSCH allocation indicated by 'Time domain resource
assignment’ of the scheduling DCI and including the ef-
fect of the timing advance, is no earlier than at symbol
L2, where L2 is defined as the next uplink symbol with
its CP starting T_(proc,2) ( Tprc2 = max ((Np +dp 4 +
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d, )(2048 + 144) - x2# - Ty + Toy *+ Tgpien o o) ) after
the end of the reception of the last symbol of the PDCCH
carrying the DCI scheduling the PUSCH, then the UE
may transmit the transport block. N2 is based on p for
UE processing capability 1 and 2 respectively, where p
corresponds to the one of (uDL, wUL) resulting with the
largest T_(proc,2), where the uDL corresponds to the
subcarrier spacing of the downlink with whichthe PDCCH
carrying the DCI scheduling the PUSCH was transmitted
and pUL corresponds to the subcarrier spacing of the
uplink channel with which the PUSCH is to be transmit-
ted, and the constant « is 64. For operation with shared
spectrum channel access, T ext may be non-zero value,
otherwise T ext =0. If the first symbol of the PUSCH al-
location consists of DM-RS only, then d2,1 = 0, otherwise
d2,1 = 1. The time units T_C = 1/(Af_"max" N_f) where
Af _"max" =480-1073 Hz and N_f = 4096. If the UE is
configured with multiple active component carriers, the
first uplink symbol in the PUSCH allocation further in-
cludes the effect of timing difference between component
carriers. If the scheduling DCI triggered a switch of BWP,
d2,2 equals to the switching time, otherwise d2,2=0. If a
PUSCH of a larger priority index would overlap with
PUCCH of a smaller priority index, d2 for the PUSCH of
a larger priority is set as reported by the UE; otherwise
d2 = 0. For a UE that supports capability 2 on a given
cell, the processing time according to UE processing ca-
pability 2 is applied if the high layer parameter
processingType2Enabled in PUSCH-ServingCellConfig
is configured for the cell and setto ’enable’. If the PUSCH
indicated by the DCI is overlapping with one or more
PUCCH channels, then the transport block is multi-
plexed, otherwise the transport block is transmitted on
the PUSCH indicated by the DCI. If uplink switching gap
is triggered, T_switch equals to the switching gap dura-
tion and for the UE configured with RRC parameter up-
linkTxSwitchingOption set to "dualUL’ for uplink carrier
aggregation pUL=min(pUL,carrier1, wUL,carrier2), oth-
erwise T_switch = 0. For PUSCH preparation time for
PUSCH timing capability 1, PUSCH preparation time N2
is 10, 12, 23 and 36 symbols for =0, 1,2 and 3, respec-
tively. For PUSCH preparation time for PUSCH timing
capability 2, PUSCH preparation time N2 is 5, 5.5 and
11 symbols (for frequency range (FR) 1) for . =0, 1 and
2, respectively.

[0303] The slot format based procedure is described.
If a PUSCH is scheduled by a DCI or a PUSCH with
configured grantis configured, the PUSCH is transmitted
unless otherwise stated.

[0304] This procedure may apply for a serving cell that
is included in a set of serving cells configured to a UE by
RRC parameter slotFormatCombToAddModList and
slotFormatCombToReleaselList, availableRB-Set-
sToAddModList and availableRB-SetsToRelease,
switchTriggerToAddModList and switchTriggerToRe-
leaselList, or co-DurationsPerCell ToAddModList and co-
DurationsPerCellToReleaseList.

[0305] A SFl-indexfield value in a DCI format2_0 may
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indicate to a UE a slot format for each slot in a number
of slots for each DL BWP or each UL BWP starting from
a slot where the UE detects the DCI format 2_0. The
number of slots may be equal to or larger than a PDCCH
monitoring periodicity for DCI format 2_0. The SFl-index
field may include maxSFlindex bits where maxSFlindex
is the maximum value of the values provided by corre-
sponding RRC parameter slotFormatCombinationld. A
slot format may be identified by a corresponding format
index as provided in the table in which each entry spec-
ifies a respective combination of 'D’, 'U’ and/or 'F’, where
‘D’ denotes a downlink symbol, ‘U’ denotes an uplink
symbol, and 'F’ denotes a flexible symbol. The index 255
may indicate that UE determines the slot format for the
slot based on tdd-UL-DL-ConfigurationCommon, or tdd-
UL-DL-ConfigurationDedicated and, if any, on detected
DCI formats.

[0306] For a set of symbols of a slot, a UE may not
expect to detect a DCI format 2_0 with an SFl-index field
value indicating the set of symbols of the slot as uplink
and to detect a DCI format indicating to the UE to receive
PDSCH or CSI-RS in the set of symbols of the slot.
[0307] For a set of symbols of a slot, a UE may not
expect to detect a DCI format 2_0 with an SFl-index field
value indicating the set of symbols in the slot as downlink
and to detect a DClformat, a RAR UL grant, fallbackRAR
UL grant, or successRAR indicating to the UE to transmit
PUSCH, PUCCH, PRACH, or SRS in the set of symbols
of the slot.

[0308] For a set of symbols of a slot that are indicated
as downlink/uplink by tdd-UL-DL-ConfigurationCom-
mon, or tdd-UL-DL-ConfigurationDedicated, the UE may
not expect to detect a DCI format 2_0 with an SFl-index
field value indicating the set of symbols of the slot as
uplink/downlink, respectively, or as flexible.

[0309] For a set of symbols of a slot indicated to a UE
as flexible by tdd-UL-DL-ConfigurationCommon and tdd-
UL-DL-ConfigurationDedicated if provided, or when tdd-
UL-DL-ConfigurationCommon and tdd-UL-DL-Configu-
rationDedicated are not provided to the UE, and if the
UE detects a DCI format 2_0 providing a format for the
slot using a slot format value other than 255, at least the
following A) to E) may be applied. A) If an SFl-index field
value in DCI format 2_0 indicates the set of symbols of
the slot as flexible and the UE detects a DCI format, a
RAR UL grant, fallbackRAR UL grant, or successRAR
indicating to the UE to transmit PUSCH, PUCCH,
PRACH, or SRS in the set of symbols of the slot the UE
transmits the PUSCH, PUCCH, PRACH, or SRS in the
set of symbols of the slot. B) If an SFl-index field value
in DCI format 2_0 indicates the set of symbols of the slot
as flexible, and the UE does not detect a DCI format
indicating to the UE to receive PDSCH or CSI-RS, or the
UE does not detecta DCI format, a RAR UL, fallbackRAR
UL grant, or successRAR grant indicating to the UE to
transmit PUSCH, PUCCH, PRACH, or SRS in the set of
symbols of the slot, the UE does not transmit or receive
in the set of symbols of the slot. C) If the UE is configured
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by higher layers to transmit PUCCH, or PUSCH, or
PRACH in the set of symbols of the slot, the UE transmits
the PUCCH, or the PUSCH, or the PRACH in the slot
only if an SFl-index field value in DClformat2_0indicates
the set of symbols of the slot as uplink. D) A UE does not
expect to detect an SFl-index field value in DCI format
2_0 indicating the set of symbols of the slot as downlink
and also detect a DCI format, a RAR UL grant, fallback-
RAR UL grant, or successRAR indicating to the UE to
transmit SRS, PUSCH, PUCCH, or PRACH, in one or
more symbols from the set of symbols of the slot. E) A
UE does not expect to detect an SFl-index field value in
DCI format 2_0 indicating the set of symbols of the slot
as downlink or flexible if the set of symbols of the slot
includes symbols corresponding to any repetition of a
PUSCH transmission activated (i.e. scheduled) by an UL
Type 2 grant PDCCH.

[0310] Ifa UEis configured by higher layers to transmit
SRS, or PUCCH, or PUSCH, or PRACH in a set of sym-
bols of a slot and the UE detects a DCI format 2_0 with
a slot format value other than 255 that indicates a slot
format with a subset of symbols from the set of symbols
as downlink or flexible, or the UE detects a DCI format
indicating to the UE to receive CSI-RS or PDSCH in a
subset of symbols from the set of symbols, then the fol-
lowing A), B) and C) may be applied. A) If the UE does
not indicate the capability of partialCancellation, the UE
does not expect to cancel the transmission of the PUCCH
or PUSCH or PRACH in the set of symbols if the first
symbol in the set occurs within T_(proc,2) relative to a
last symbol of a CORESET where the UE detects the
DCI format; otherwise, the UE cancels the PUCCH, or
the PUSCH, or an actual repetition of the PUSCH, or the
PRACH transmission in the set of symbols. B) If the UE
indicates the capability of partialCancellation, the UE
does not expect to cancel the transmission of the PUCCH
or PUSCH or PRACH in symbols from the set of symbols
that occur within T_(proc,2) relative to a last symbol of a
CORESET where the UE detects the DCI format. The
UE cancels the PUCCH, or the PUSCH, or an actual
repetition of the PUSCH, or the PRACH transmission in
remaining symbols from the set of symbols. C) The UE
does not expect to cancel the transmission of SRS in
symbols from the subset of symbols that occur within
T_(proc,2) relative to a last symbol of a CORESET where
the UE detects the DCI format. The UE cancels the SRS
transmission in remaining symbols from the subset of
symbols. T_(proc,2) is the PUSCH preparation time for
the corresponding UE processing capability assuming
d_2,1=1 and . corresponds to the smallest SCS config-
uration between the SCS configuration of the PDCCH
carrying the DCI format and the SCS configuration of the
SRS, PUCCH, PUSCH or p_r, where p_r corresponds
to the SCS configuration of the PRACH if it is 15kHz or
higher; otherwise p._r=0.

[0311] If the slot-counting type configuration indicates
that the number of repetitions to be counted based on
contiguous slots, the above-described processing time
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requirement that "UE does not expect to cancel the trans-
mission of the PUSCH in the set of symbols if the first
symbol in the set occurs within T_(proc,2) relative to a
last symbol of a CORESET where the UE detects the
DCI format, otherwise UE cancels the PUSCH transmis-
sion" may be applied. If the slot-counting type configura-
tionindicates thatthe number of repetitions to be counted
based on available slots, the processing time require-
ment may be relaxed. For example, "UE does not expect
to cancel the transmission of the PUSCH in the set of
symbols if the first symbol in the set occurs within
T_(proc,2)+d_x relative to a last symbol of a CORESET
where the UE detects the DCI format, otherwise UE can-
cels the PUSCH transmission" may be applied, where
d_x is a positive value. In other words, If the number of
repetitions for PUSCH repetition Type Ais counted based
on contiguous slots, the processing time requirement of
T_(proc,2) may be applied. If the number of repetitions
for PUSCH repetition Type A is counted based on avail-
able slots, the longer processing time requirement may
be applied.

[0312] A UE may assume that flexible symbols in a
CORESET configured to the UE for PDCCH monitoring
are downlink symbols if the UE does not detect an SFI-
index field value in DCI format 2_0 indicating the set of
symbols of the slot as flexible or uplink and the UE does
not detect a DCI format indicating to the UE to transmit
SRS, PUSCH, PUCCH, or PRACH in the set of symbols.
[0313] For a set of symbols of a slot that are indicated
as flexible by tdd-UL-DL-ConfigurationCommon, and
tdd-UL-DL-ConfigurationDedicated if provided, or when
tdd-UL-DL-ConfigurationCommon, and tdd-UL-DL-Con-
figurationDedicated are not provided to the UE, and if the
UE does not detect a DCI format 2_0 providing a slot
format for the slot, at least the following A) may be ap-
plied. A) The UE transmits PUSCH, PUCCH, PRACH,
or SRS in the set of symbols of the slot if the UE receives
a corresponding indication by a DCI format, a RAR UL
grant, fallbackRAR UL grant, or successRAR.

[0314] Ifthe UE is configured by higher layers to trans-
mit SRS, or PUCCH, or PUSCH, or PRACH in the set of
symbols of the slot and the UE is not provided RRC pa-
rameter enableConfiguredUL, the following A) and B)
may be applied. A) The UE does not transmitthe PUCCH,
or the PUSCH, or the PRACH in the slot and does not
transmit the SRS in symbols from the set of symbols in
the slot, if any, starting from a symbol that is after PUSCH
preparation time T_(proc,2) for the corresponding
PUSCH timing capability assuming d_2,1=1 after a last
symbol of a CORESET where the UE is configured to
monitor PDCCH for DCI format 2_0 and p corresponds
to the smallest SCS configuration between the SCS con-
figuration of the PDCCH carrying the DCl format2_0 and
the SCS configuration of the SRS, PUCCH, PUSCH or
w_r, where p._r corresponds to the SCS configuration of
the PRACH if it is 15kHz or higher; otherwise p_r=0. B)
The UE does not expect to cancel the transmission of
the SRS, or the PUCCH, or the PUSCH, or the PRACH
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in symbols from the set of symbols in the slot, if any,
starting before a symbol that is after the PUSCH prepa-
ration time T_(proc,2) for the corresponding PUSCH tim-
ing capability assuming d_2,1=1 after a last symbol of a
CORESET where the UE is configured to monitor PD-
CCH for DCI format 2_0 and p. corresponds to the small-
est SCS configuration between the SCS configuration of
the PDCCH carrying the DCI format 2_0 and the SCS
configuration of the SRS, PUCCH, PUSCH or p_r, where
w_r corresponds to the SCS configuration of the PRACH
if it is 15kHz or higher; otherwise p._r=0.

[0315] If the slot-counting type configuration indicates
that the number of repetitions to be counted based on
contiguous slots, the above-described processing time
requirement that "UE does not expect to cancel the trans-
mission of the PUSCH in the set of symbols if the first
symbol in the set occurs within T_(proc,2) relative to a
last symbol of a CORESET where the UE monitor the
DClformat 2_0, otherwise UE cancels the PUSCH trans-
mission" may be applied. If the slot-counting type con-
figuration indicates that the number of repetitions to be
counted based on available slots, the processing time
requirement may be relaxed. For example, "UE does not
expect to cancel the transmission of the PUSCH in the
set of symbols if the first symbol in the set occurs within
T_(proc,2)+d _x relative to a last symbol of a CORESET
where the UE monitors the DCI format 2_0, otherwise
UE cancels the PUSCH transmission" may be applied,
where d_x is a positive value. In other words, If the
number of repetitions for PUSCH repetition Type A is
counted based on contiguous slots, the processing time
requirement of T_(proc,2) may be applied. If the number
of repetitions for PUSCH repetition Type A is counted
based on available slots, the longer processing time re-
quirement may be applied.

[0316] Ifthe UE is configured by higher layers to trans-
mit SRS, or PUCCH, or PUSCH, or PRACH in the set of
symbols of the slot and the UE is provided enableCon-
figuredUL, the UE can transmit the SRS, or PUCCH, or
PUSCH, or PRACH, respectively.

[0317] If a PUSCH (or a repetition of a PUSCH) in a
slot is determined to be transmitted, the slot may be con-
sidered as available for the PUSCH transmission. If a
PUSCH (or a repetition of a PUSCH) in a slot is deter-
mined to be cancelled or not to be transmitted, of if at
least one symbol for the PUSCH in the slot is determined
as a downlink symbol, the slot may be considered as not
available for the PUSCH transmission.

[0318] The cancellation indication based procedure is
described. Ifa PUSCH is scheduled by aDCl ora PUSCH
with configured grant is configured, the PUSCH is trans-
mitted unless otherwise stated.

[0319] Ifa UE is provided RRC parameter UplinkCan-
cellation, the UE may be provided, in one or more serving
cells, a search space set for monitoring the first PDCCH
candidate with a CCE aggregation level of L_CI CCEs
of the search space set for detection of a DCl format2_4
with a CI-RNTI provided by ci-RNTI.
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[0320] For a serving cell having an associated field in
a DCI format 2_4, the field may be denoted by N_"CI" a
number of bits provided by RRC parameter ci-Payload-
Size, B_"CI" a number of PRBs provided by RRC param-
eter frequencyRegionforCl in RRC parameter timeFre-
quencyRegion, T_"CI" a number of symbols, excluding
symbols for reception of SS/PBCH blocks and DL sym-
bols indicated by tdd-UL-DL-ConfigurationCommon,
from a number of symbols that is provided by RRC pa-
rameter timeDurationforCl in RRC parameter timeFre-
quencyRegion, if the PDCCH monitoring periodicity for
the search space set with the DCI format 2_4 is one slot
and there are more than one PDCCH monitoring occa-
sions in a slot, or is equal to the PDCCH monitoring pe-
riodicity, otherwise, and G_"CI" a number of partitions for
the T_"CI" symbols provided by RRC parameter
timeGranularityforCl in RRC parameter timeFrequen-
cyRegion.

[0321] Anindication by a DCI format 2_4 for a serving
cell may be applicable to a PUSCH transmission or an
SRS transmission onthe serving cell. Ifthe PUSCH trans-
mission or the SRS transmission is scheduled by a DCI
format, the indication by the DCI format 2_4 may be ap-
plicable to the PUSCH transmission or SRS transmission
only if the last symbol of the PDCCH reception providing
the DCI format is earlier than the first symbol of the PD-
CCH reception providing the DCI format 2_4. For the
serving cell, the UE may determine the first symbol of
the T_CI symbols to be the first symbol that is after T’
_(proc,2) from the end of a PDCCH reception where the
UE detects the DCI format 2_4, where T’ _(proc,2) is
obtained from T_(proc,2) for PUSCH processing capa-
bility 2assuming d_2,1=d_offset - 2/(-pn_UL )/27(-p.)
where d_offset is provided by RRC parameter
delta_Offset, u being the smallest SCS configuration be-
tween the SCS configuration of the PDCCH and the
smallest SCS configuration p_UL provided in RRC pa-
rameter scs-SpecificCarrierList of FrequencylnfoUL or
FrequencylnfoUL-SIB. The UE may not expect to cancel
the PUSCH transmission orthe SRS transmission before
a corresponding symbol thatis T_(proc,2) assuming that
d_2,1=0 after a last symbol of a CORESET where the
UE detects the DCI format 2_4.

[0322] If the slot-counting type configuration indicates
that the number of repetitions to be counted based on
contiguous slots, the above-described processing time
requirement that "UE does not expect to cancel the trans-
mission of the PUSCH in the set of symbols if the first
symbol in the set occurs within T'_(proc,2) relative to a
last symbol of a PDCCH where the UE detects the DCI
format 2_4, otherwise UE cancels the PUSCH transmis-
sion" may be applied. If the slot-counting type configura-
tionindicates thatthe number of repetitions to be counted
based on available slots, the processing time require-
ment may be relaxed. For example, "UE does not expect
to cancel the transmission of the PUSCH in the set of
symbols if the first symbol in the set occurs within
T’_(proc,2)+d_x relative to a last symbol of a PDCCH
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where the UE detects the DCI format 2_4, otherwise UE
cancels the PUSCH transmission" may be applied,
where d_x is a positive value. In other words, If the
number of repetitions for PUSCH repetition Type A is
counted based on contiguous slots, the processing time
requirement of T'_(proc,2) may be applied. If the number
of repetitions for PUSCH repetition Type A is counted
based on available slots, the longer processing time re-
quirement may be applied.

[0323] A UE thatdetects a DClformat2_4 foraserving
cell may cancel a PUSCH transmission (including
PUSCH transmission with repetition Type A), or an actual
repetition of a PUSCH transmission if the PUSCH trans-
mission is with repetition Type B, or an SRS transmission
on the serving cell if, respectively, the transmission is
PUSCH with priority 0 if the UE is provided RRC param-
eter uplinkCancellationPriority, a group of symbols, from
the T_"CI" symbols, has at least one bit value of'1’ in the
corresponding set of N_BI bits in the DCI format 2_4 and
includes a symbol of the (repetition of the) PUSCH trans-
mission or of the SRS transmission, and a group of PRBs,
from the B_"CI"PRBs, has a corresponding bit value of 1’
in the set of bits corresponding to the group of symbols
in the DCI format 2_4 and includes a PRB of the (repe-
tition of the) PUSCH transmission or of the SRS trans-
mission. The cancellation of the (repetition of the)
PUSCH transmission may include all symbols from the
earliest symbol of the (repetition of the) PUSCH trans-
mission that is in a group of symbols having correspond-
ing bitvalues of'1’in the DCl format 2_4. The cancellation
of the SRS transmission may include only symbols that
are in one or more groups of symbols having correspond-
ing bit values of 1’ in the DCI format 2_4

[0324] If, based on an indication by a DCI format 2_4,
a UE cancels a PUSCH transmission or an SRS trans-
mission, the UE may not expect to be scheduled by a
second DCI format to transmit a PUSCH or an SRS over
symbols that include symbols of the cancelled PUSCH
transmission or SRS transmission, where the last symbol
of the PDCCH reception providing the second DCI format
is later than the first symbol of the PDCCH reception pro-
viding the DCI format 2_4.

[0325] If a PUSCH (or a repetition of a PUSCH) in a
slot is determined to be transmitted, the slot may be con-
sidered as available for the PUSCH transmission. If a
PUSCH (or a repetition of a PUSCH) in a slot is deter-
mined to be cancelled or not to be transmitted, the slot
may be considered as not available for the PUSCH trans-
mission.

[0326] When the number of repetitions is counted
based on available slots, there may be several sub-op-
tions in terms of consideration of the conditions in
PUSCH-priority based procedure, slot configuration
based procedure, slot format based procedure and can-
cellation indication based procedure. The conditions ac-
cording to the slot configuration procedure may be al-
ways applicable. Whether the conditions in the other pro-
cedures are applicable may be depending on a certain
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RRC configuration.

[0327] The first sub-option is to have a single slot-
counting type configuration which is applicable to all the
conditions. More specifically, if the slot-counting type
configuration indicates that the number of repetitions to
be counted based on available slots, and if an available-
slot type configuration (the RRC configuration or RRC
parameter which indicates whether the available slots
are determined based on only semi-static configuration
or based on both semi-static configuration and dynamic
signaling, this configuration may or may not be the same
as the slot-counting type configuration) indicates that dy-
namic signaling is used for the determination of the avail-
able slots, the available slots may be determined accord-
ing to all the conditions of which corresponding RRC con-
figurations are provided. For example, the conditions in
PUSCH-priority based procedure may be applicable if
phy-Prioritylndex or prioritylndicatorDCI is provided,
while the conditions in PUSCH-priority based procedure
may be not applicable if phy-Prioritylndex or prioritylndi-
catorDCI (the procedure which determines whether
PUSCH is transmitted or not based on the priority index
of the PUSCH)) is not provided. The conditions in slot
formatbased procedure may be applicable if SlotFormat-
CombinationsPerCell (i.e. RRC parameter/configuration
which causes the slot format based procedure (the pro-
cedure which determines whether PUSCH is transmitted
or not based on the slot format)) is provided, while the
conditions in slot format based procedure may be not
applicable if SlotFormatCombinationsPerCell is not pro-
vided. The conditions in cancellation indication based
procedure may be applicable if UplinkCancellation (i.e.
RRC parameter/configuration which causes the cancel-
lation indicator based procedure (the procedure which
determines whether PUSCH is transmitted or not based
on the cancellation indicator)) is provided, while the con-
ditions in cancellation indication based procedure may
be not applicable if UplinkCancellation is not provided.
[0328] With the first sub-option, if the UE is capable of
a certain coverage enhancement feature(s) and/or if the
UE is provided with a certain coverage enhancement
configuration(s), alternatively or additionally if the UE is
provided with a slot-counting type configuration which
indicates the PUSCH repetition to be counted based on
available slots and/or if the UE is provided with an avail-
able-slot type configuration which indicates dynamic sig-
naling to be used for the determination of the available
slots, the following may be applied. For both Type 1 and
Type 2 PUSCH transmissions with a configured grant,
when K > 1, the UE may repeat the TB across the K
available slots (i.e. the first K slots which are available
for the PUSCH transmission) applying the same symbol
allocation in each slot. The K available slots may be de-
termined according to the conditions in the slot configu-
ration based procedure and additionally in the PUSCH-
priority based procedure, the slot format based proce-
dure and the cancellation indication based procedure.
[0329] With the first sub-option, if the UE is capable of
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a certain coverage enhancement feature(s) and/or if the
UE is provided with a certain coverage enhancement
configuration(s), alternatively or additionally if the UE is
provided with a slot-counting type configuration which
indicates the PUSCH repetition to be counted based on
available slots and/or if the UE is provided with an avail-
able-slot type configuration which indicates only semi-
static configuration to be used for the determination of
the available slots, the following may be applied. For both
Type 1 and Type 2 PUSCH transmissions with a config-
ured grant, when K> 1, the UE may repeat the TB across
the K available slots (i.e. the first K slots which are avail-
able for the PUSCH transmission) applying the same
symbol allocation in each slot. The K available slots may
be determined according to the conditions in the slot con-
figuration based procedure but without referring to the
conditions in the PUSCH-priority based procedure, the
slot format based procedure and the cancellation indica-
tion based procedure.

[0330] The second sub-option is to have several slot-
counting type configuration, each is applicable to the con-
ditions in a respective procedure. More specifically, if the
available-slot type configuration for PUSCH-priority
based procedure indicates that PUSCH-priority based
transmissions/cancellations are used for the determina-
tion of the available slots, the available slots may be de-
termined according to the PUSCH-priority based proce-
dure. Similarly, if the available-slot type configuration for
slot format based procedure indicates that slot format
based transmissions/cancellations are used for the de-
termination of the available slots, the available slots may
be determined according to the slot format based proce-
dure. If the available-slot type configuration for cancella-
tion indication based procedure indicates that cancella-
tion indication based transmissions/cancellations are
used for the determination of the available slots, the avail-
able slots may be determined according to the cancella-
tion indication based procedure. For example, the con-
ditions in PUSCH-priority based procedure may be ap-
plicable if phy-Prioritylndex or prioritylndicatorDCl is pro-
vided and also if the available-slot type configuration for
PUSCH-priority based procedure indicating use of
PUSCH-priority based procedure is provided, while the
conditions in PUSCH-priority based procedure may be
not applicable otherwise. The conditions in slot format
based procedure may be applicable if SlotFormatCom-
binationsPerCell is provided and also if the available-slot
type configuration for slot format based procedure indi-
cating use of slot format based procedure is provided,
while the conditions in slot format based procedure may
be not applicable otherwise. The conditions in cancella-
tion indication based procedure may be applicable if Up-
linkCancellation is provided and also if the available-slot
type configuration for cancellation indication based pro-
cedure indicating use of cancellation indication based
procedure is provided, while the conditions in cancella-
tion indication based procedure may be not applicable
otherwise. Any combination of the above may also apply.
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For example, if the available-slot type configuration for
PUSCH-priority based procedure is provided, and if the
available-slot type configuration for slot format based
procedure is provided, but if the available-slot type con-
figuration for cancellation indication based procedure is
not provided, the available slot may be determined based
on the conditions in slot configuration based procedures
and also the conditions in PUSCH-priority based proce-
dure and slot format based procedure, but the conditions
according to cancellation indication based procedure are
not referred to for the determination of available slots.
[0331] Withthe second sub-option, ifthe UE is capable
of a certain coverage enhancement feature(s) and/or if
the UE is provided with a certain coverage enhancement
configuration(s), alternatively or additionally if the UE is
provided with a slot-counting type configuration which
indicates the PUSCH repetition to be counted based on
available slots and if the UE is provided with at least one
of available-slot type configurations for PUSCH-priority
based procedure, slot format based procedure and can-
cellation indication based procedure, the following may
be applied. For both Type 1 and Type 2 PUSCH trans-
missions with a configured grant, when K > 1, the UE
may repeat the TB across the K available slots (i.e. the
first K slots which are available for the PUSCH transmis-
sion) applying the same symbol allocation in each slot.
The K available slots may be determined according to
the conditions in the slot configuration based procedure
and additionally in the PUSCH-priority based procedure,
the slot format based procedure and the cancellation in-
dication based procedure if, respectively, the available-
slot type configuration for PUSCH-priority based proce-
dure, the available-slot type configuration for slot format
based procedure, or the available-slot type configuration
for cancellation indication based procedure is provided.
[0332] If only semi-static configuration is used for the
determination of the available slots and/or any dynamic
signaling is not used for the determination of the available
slots, the UE determines the K slots for a PUSCH trans-
mission starting from a slot indicated to the UE for the
PUSCH transmission and having A) an UL symbol, as
described in the slot configuration procedure, or flexible
symbol that is not SS/PBCH block symbol, and B) con-
secutive UL symbols, as described in the slot configura-
tion procedure, or flexible symbols that are not SS/PBCH
block symbols, starting from the first symbol, equal to or
larger than the number of symbols where the first symbol
within a slot and the number of symbols within the slot
may be provided by time domain resource allocation in-
formation for the PUSCH.

[0333] It is noted that the aforementioned available-
slot type configuration may be referred to as a different
name. The existence of the available-slot type configu-
ration in RRC configuration message may mean that the
conditions in both the slot configuration procedure and
the other procedure(s) are used for the determination of
the available slots while the absence of the available-slot
type configuration in RRC configuration message may
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mean that the conditions in the slot configuration proce-
dure but not in the other procedure(s) are used for the
determination of the available slots. Additionally and/or
alternatively, the available-slot type configuration set to
the first value (e.g. 'semi-static’) may mean that the con-
ditions in the slot configuration procedure but not in the
other procedure(s) are used for the determination of the
available slots while the available-slot type configuration
set to the second value (e.g. ‘dynamic’) may mean that
the conditions in both the slot configuration procedure
and the other procedure(s) are used for the determination
of the available slots.

[0334] Figure 9is an example configuration of a frame
structure according to an aspect of the present embodi-
ment. In Figure 9, ahorizontal axis indicates time domain.
In the time domain, slots are numbered from slot#n (slot
with index n) in ascending order. Each line in the time
domainindicates a slotboundary. 9001 indicates a down-
link region. 9002 indicates a flexible region. 9003 indi-
cates an uplink region.

[0335] Region indicated by 9000 includes a set of re-
gion 9001, 9002 and 9003. Region 9000 may be config-
ured based on a slot configuration. For example, a slot
configuration may include at least a downlink region, a
flexible region and an uplink region. For example, a slot
configuration may be configured such that the slot con-
figuration starts at one UL-to-DL switching point. Further,
the slot configuration may be configured such that the
slot configuration ends at another UL-to-DL switching
point. For example, a UL-to-DL switching point may be
a pointwhere a uplink region ends and a downlink region
starts.

[0336] For example, a slot configuration may be re-
peated in the time domain. In Figure 9, a slot configuration
comprising 3 downlink slots, one special slot and 1 uplink
slot is repeated. Region 9000 is an instance of the slot
configuration starting at slot#¥n and an Region 9010 is an
instance of the slot configuration starting at slot#n+5. In
Figure 9, repetition cycle of the slot configuration is 5
slots.

[0337] 9011 indicates adownlink region. Further, 9012
indicates a flexible region. Further, 9013 indicates an up-
link region.

[0338] For example, a slot configuration may be rep-
resented by a combination of 'D’,’U’and ’S’. 'D’ indicates
that a slot is a downlink slot. A downlink slot is a slot with
downlink region. In Figure 9, slot#n, slot#n+1, slot#n+2,
slot#n+5, slot#n+6 and slot#n+7 are downlink slots.
[0339] ’U’indicatesthataslotisan uplinkslot. Anuplink
slot is a slot with uplink region. In Figure 9, slot#n+4 and
slot#n+9 are uplink slots.

[0340] 'S’indicatesthataslotisa special slot. A special
slot is a slot with at least two or more of a downlink re-
gions, a flexible region and an uplink region. In Figure 9,
slot#n+3 and slot#n+8 are special slots.

[0341] In Figure 9, the slot configuration may be also
referred to as "DDDSU". "DDDSU" means that the slot
configuration comprises 3 downlink slots, 1 special slot
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and 1 uplink slot.

[0342] A configuration of special slot may be repre-
sented by "XDYFZU". Here, X is the number of downlink
symbols, Y is the number of flexible symbols and Z is the
number of uplink symbols. For example, "10D2F2U" in-
dicates that a special slot comprises 10 downlink sym-
bols, 2 flexible symbols and 2 uplink symbols.

[0343] A downlink symbol is an OFDM symbol in a
downlink region. A flexible symbol is an OFDM symbol
in a flexible region. An uplink symbol is an OFDM symbol
in an uplink region.

[0344] A slot configuration may be provided by RRC
parameters. For example, a slot configuration may be
configured by a common parameter included in system
information such as SIB1. The common parameter may
be also referred to as tdd-UL-DL-ConfigurationCommon.
[0345] For example, terminal device 1 may determine
a reference subcarrier-spacing configuration u,.; and a
first TDD pattern from the common parameter. The first
TDD pattern includes one or more of T1to T5. T1is a
configuration period P in milliseconds provided by refer-
enceSubcarrierSpacing. T2 is the number dg Of slots
indicating consecutive downlink slots provided by nrof-
DownlinkSlots. T3 is the number dg, ;, of consecutive
downlink symbols provided by nrofDownlinkSymbols. T4
is the number ug i of consecutive uplink slots provided
by nrofUplinkSlots. T5 is the number ug,, of consecutive
uplink symbols provided by nrofUplinkSymbols.

[0346] Figure 10 is an example configuration of a slot
configuration according to an aspect of the present
embodiment. In Figure 10, a horizontal axis indicates
time domain. In the time domain, slots are numbered
from slot#n (slot with index n) in ascending order. Each
line in the time domain indicates a slot boundary. 10000
indicates a slot configuration. In the slot configuration,
first dg,ts=2 slots as indicated by Region 10001 are
configured as downlink slots. In the slot configuration,
last ugns=1 slot as indicated by Region 10002 is
configured as an uplink slot. In the slot configuration, first
dsym OFDM symbols starting at first OFDM symbol in a
slot with index n+dg; as indicated by Region 10003 is
configured as downlink symbols. In the slot configuration,
last ugy, OFDM symbols before first OFDM symbol in a
slot with index n+S-ug as indicated by Region 10004
is configured as uplink symbols. In the slot configuration,
the remaining OFDM symbols not indicated as either
downlink region or uplink region as indicated by Region
1005 are flexible symbols.

[0347] A slot configuration may be modified by a UE-
specific parameter. The UE-specific parameter may be
also referred to as tdd-UL-DL-ConfigurationDedicated.
[0348] If the UE-specific parameter is provided to ter-
minal device 1, the UE-specific parameter may modify
(or reconfigure) the slot configuration provided by the
common parameter. For example, the UE-specific pa-
rameter may modify (or reconfigure) flexible region in the
slot configuration.

[0349] For example, terminal device 1 may determine
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a list including a set of slot reconfigurations by the UE-
specific parameter. In each slotreconfiguration in the set,
at least one or both of an index of a slot and an indication
of TDD pattern of the slot may be provided. The indication
may indicate one out of ‘all DL’, 'all UL’ and 'explicit’. In
a case that ’all DL’ is indicated for the slot, the slot con-
figuration in the slot is reconfigured as downlink region.
In a case that ’all UL’ is indicated for the slot, the slot
configuration in the slot is reconfigured as uplink region.
In a case that ’explicit’ is indicated for the slot, the slot
configuration in the slot is reconfigured by explicit indi-
cation corresponding to ‘explicit’. Indication ’explicit’ cor-
responds to information indicating a TDD pattern in a
slot. The information includes information indicating the
number of downlink symbols starting at the beginning of
the slot and information indicating the number of uplink
symbols ending at the end of the slot. The remaining
OFDM symbols between downlink symbols and uplink
symbols are flexible symbols.

[0350] Terminal device 1 may receive a physical signal
if terminal device 1 is configured by a higher layer or
indicated by a DCI format to receive the physical signal
in the downlink region.

[0351] Terminal device 1 may transmit a physical sig-
nal if terminal device 1 is configured by a higher layer or
indicated by a DCI format to transmit the physical signal
in the uplink region.

[0352] In a case that monitoring of DCI format 2_0 is
not configured by a higher layer, terminal device 1 may
receive a physical signal if terminal device 1 is indicated
by a DCI format scheduling the physical channel to re-
ceive in the downlink region or the flexible region.
[0353] In a case that monitoring of DCI format 2_0 is
not configured by a higher layer, terminal device 1 may
transmit a physical signal if terminal device 1 is indicated
by a DCl format scheduling the physical signal to transmit
in the uplink region or the flexible region.

[0354] In a case that monitoring of DCI format 2_0 is
configured by a higher layer, terminal device 1 may de-
termine whether to receive a physical signal or not at
least based on indication in the DCI format 2_0.

[0355] In a case that monitoring of DCI format 2_0 is
configured by a higher layer, terminal device 1 may de-
termine whether to transmit a physical signal or not at
least based on indication in the DCI format 2_0.

[0356] Configuration regarding monitoring of DCI for-
mat 2_0 may include at least one or more of S1 to S3.
S1 is an identifier of a serving cell. S2 is information in-
dicating bit location of field for index of a slot format in-
dicator. S3 is a set of slot format combinations. Here,
each slot format combination may include one or more
slot formats. Each of slot format combination may include
an index of a slot format indicator. Each slot format may
indicate a TDD pattern within a slot. For example, slot
format#0 indicates that all OFDM symbols in a slot are
downlink symbol. For example, slot format#1 indicates
that all OFDM symboils in a slot are uplink symbol. For
example, one slotformatindicates thatfirst 9 OFDM sym-
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bols in a slot are downlink symbol, next 3 OFDM symbols
in the slot are flexible symbol and remaining 2 OFDM
symbols are uplink symbol. For example, one slot format
indicates that terminal device 1 interpret as if monitoring
of DCI format 2_0 is not configured. Other TDD patterns
in a slot are not precluded.

[0357] In a case that terminal device 1 detects a DCI
format 2_0 in a first slot, terminal device 1 applies a slot
format combination indicated through an index of slot for-
mat indicator in the DCI format 2_0. For example, the
slot format combination may be applied to slots starting
at the first slot.

[0358] At least based on an indication in DCI format
2_0,behavior of PUSCH transmission may be controlled.
For example, a PUSCH transmission may be repetition
of a PUSCH instance where the PUSCH instance is de-
fined within a slot.

[0359] A PUSCH instance may be a unit of baseband
signal generation. Here, the baseband signal generation
may be performed by the baseband unit 13.

[0360] Figure 11 is an example configuration of the
baseband unit 13 in the wireless transmission unit 10a
according to an aspect of the present embodiment. The
baseband unit 13 may include at least a part or all of
Encoder 12000, Scrambler 11001, Modulator 11002,
Layer mapper 11003, Transform precoder 11004, Pre-
coder 11005, Resource element mapper 11006 and
Time-continuous signal generator 11007.

[0361] A transport block may be provided to Encoder
12000 from a higher layer. For example, a transport block
may be provided to Encoder 12000 through UL-SCH from
MAC layer processing unit 15. Encoder 12000 processes
the transport block into a sequence b of coded bits. The
sequence of the coded bits may be provided to Scrambler
11001. An element in position k of the sequence b may
be referred to as b(k). The position k is in the range from
0 to My;+-1. The position k is represented by an integer
number. The My;; represents the length of the sequence
b.

[0362] For example, Scrambler 11001 may scramble
the sequence b of the coded bits by using a pseudo-
random code c. For example, the element b(k) may be
scrambled by an element ¢(k) in position k of the pseudo-
random code c. For example, Scrambler 11001 may out-
put a sequence b2 by calculating ba(k) = mod(b(k)+c(k),
2). The ba(k) is an element in position k of the sequence
b2. In a case that the baseband unit 13 doesn’t include
Scrambler 11001, the sequence b of the coded bits may
be input to the b,.

[0363] The pseudo-random code c may be a sequence
of bits generated by Scrambler 11001. For example, the
pseudo-random code c may be generated by an equation
with initialization variable. The initialization variable may
determine or control an output from the equation. The
initialization variable may be determined at least based
on RNTI used for scheduling an uplink transmission con-
veying the transport block.

[0364] For example, Modulator 11002 may perform a
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modulation to the sequence b, and generate a sequence
d of complex-valued symbols. An element in position j of
the sequence d is referred to as d(j). The position j is in
the range from 0 to Mgyp-1. The position j is represented
by an integer number. The M, ., represents the length
of the sequence d. In a case that the baseband unit 13
doesn’tinclude Modulator 12002, the sequence b2 of the
coded bits may be input to the d.

[0365] Forexample, the modulation may be 2/pi BPSK
(Binary Phase Shift Keying), QPSK (Quadrature Phase
Shift Keying), 16QAM (Quadrature Amplitude Modula-
tion), 64QAM or 256QAM

[0366] Forexample,Layermapper 11003 may perform
layer mapping to the sequence d. After layer mapping,
N, sequences each with length M'ayersymb are generated.
The N, is the number of layers for the PUSCH. The vt
sequence in the N, sequences is referred to as x(¥). An
element in position h of the sequence x(V) is referred to
as x(V)(h). The position h is in the range from 0 to Mlayer
symb-1. The position h is represented by an integer
number. In a case that the number N, is 1, Layer mapper
11003 may not perform layer mapping. In a case that the
layer mapping is not performed to the sequence d, the
sequence d may be input to x(©).

[0367] For example, Transform precoder 11004 may
perform a transform precoding to the sequence x(¥) and
generate a sequence y(). In a case that the transform
precoding is not performed to the sequence x(V), the se-
quence x(V) may be input to the sequence y(v).

[0368] For example, Precoder 11005 may perform a
precoding to the sequence y(¥) After the precoding, Np
sequences each with length M'ayersymb are generated.
The Np is the number of antenna ports for the PUSCH.
The pth sequence in the Np sequences is referred to as
z(P). An element in position h of the sequence z(P) is re-
ferred to as z(P)(h). In a case that the number N, is 1,
Precoder 11005 may not perform the precoding. In acase
that the precoding is not performed to the sequence y(v),
the sequence y() may be input to z(P).

[0369] Forexample, Resource element mapper 11006
may perform a RE mapping. In a RE mapping, a group
of elements z(h) = [zO)(h), ..., z(NP-1)(h)] is mapped to a
resource element.

[0370] Forexample, Time-continuous signal generator
11007 may perform a time-continuous signal generation
based on contents in the resource elements. The con-
tents in the resource elements are determined based on
the RE mapping. The time-continuous signal generated
by Time-continuous signal generator 11007 is provided
to RF unit 12.

[0371] The baseband unit 33 may include correspond-
ing components for reception of the PUSCH as the base-
band unit 13.

[0372] Figure 12is an example configuration of Encod-
er 12000 according to an aspect of the present embod-
iment. Encoder 12000 may include at least a part or all
of CRC addition unit 12001, CB segmentation unit 12002,
Encoding unit 12003, Rate matching unit 12004 and Mul-
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tiplexing unit 12005.

[0373] Forexample, atransport block input to Encoder
12000 is an input to CRC addition unit 12001. In CRC
addition unit 12001, a CRC sequence is added to the
transport block. A bit sequence after CRC sequence ad-
dition is input to Code block segmentation unit 12002. In
a case thata CRC sequence is not added to the transport
block, the transport block is input to Code block segmen-
tation unit 12002.

[0374] For example, a sequence input to Code block
segmentation unit 12002 is segmented into multiple code
blocks in a case that the length of the sequence is larger
than a certain value. In a case that the sequence is seg-
mented into multiple code blocks, a CRC sequence is
added to each code block. Each code block after the
CRC sequence addition is input to Encoding unit 12003.
In a case thatthe sequence is not segmented into multiple
code blocks, a single code block is input to Encoding unit
12003. In a case that the sequence is not segmented
into multiple code blocks, a CRC sequence is not added
to the single code block. In a case that the sequence is
not segmented into multiple code blocks, the single code
block without addition of a CRC sequence is input to En-
coding unit 12003.

[0375] For example, a code block with index r (code
block#r) input to Encoding unit 12003 is encoded by LD-
PC coding such as QC-LDPC (Quasi-Cyclic Low Density
Parity Check) coding. The index r is in the range from 0
to C-1. The C is the number of code blocks determined
in Code block segmentation unit 12002. Coded bits dr for
the code block#r after LDPC coding is input to Rate
matching unit 12004.

[0376] For example, Rate matching unit 12004 per-
forms a bit-selection procedure. In the bit-selection pro-
cedure, the coded bits df for the code block r is written
into a circular buffer of length N,.

[0377] Figure 13 is an example of the bit-selection pro-
cedure according to an aspect of the present embodi-
ment. In the bit-selection procedure, two values k and j
are set to 0 as Step 0. Next, in Step 1, Rate matching
unit 12004 checks if the value k is smaller than a rate
matching output sequence length E,. If the value k is
smaller than the rate matching output sequence length
E,, Rate matching unit 12004 goes to Step 2. If the value
k is not smaller than the rate matching output sequence
length E,, Rate matching unit 12004 terminates the bit-
selection procedure.

[0378] Here, the rate matching output sequence length
E, represents the number of available bits for transmis-
sion of the code block#r. For example, the rate matching
output sequence length E, for code block#r may be cal-
culated at least based on a part or all of modulation order
Q,,,, the number N, of layers for the PUSCH, the number
C’ and the number G. For example, the rate matching
output sequence length E, for code block r may be cal-
culated by E; = N Q,floor(G/(N . Q,C’)) or E, = N, Q-
ceil(G/(N.Q,C)).

[0379] Here, the number C’ represents the number of
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code blocks. The number G represents the number of
available bits for transmission of UL-SCH. For example,
the number G may represent the number of available bits
for transmission of UL-SCH in the PUSCH instance.
[0380] In Step 2, Rate matching unit 12004 checks if
d"(mod(kg+j, Ngp)) is not <NULL>. If d'(mod(ky+j, Ngp)) is
not <NULL>, Rate matching unit 12004 goes to Step 3.
If d'(mod(kg+j, Ngp)) is <NULL>, Rate matching unit
12004 goes to Step 5.

[0381] Here, "d"(mod(kgtj, Ng)) is <NULL>" means
<NULL> is set to d'(mod(kg+j, Ngp)). <NULL> may be set
to some elements of d" when an element corresponds to
a filler bit for LDPC coding.

[0382] Here, an element in position k of d" is referred
to as df(k).
[0383] InStep 3, Rate matching unit 12004 sets a value

in d"(mod(kqy+j, Ngp)) to e(k). The sequence e is a rate
matching output sequence. An element in position k of
the sequence e is referred to as e(k).

[0384] Here, kg represents a starting point for the cir-
cular buffer.
[0385] In Step4, Rate matching unit 12004 increments

a value k by one.

[0386] Step 5 is a sign of the end of Step 2.

[0387] In Step 6, Rate matching unit 12004 increments
a value j by one.

[0388] Step7isasignofthe endof Step 1. Rate match-
ing unit 12004 goes back to Step 1.

[0389] Figure 14 is an example of a circular buffer ac-
cording to an aspect of the present embodiment. In the
circular buffer, the coded bits d" are mapped clockwise
starting at position indicated by RVO0. Since the coded
bits d, includes systematic bits followed by parity bits, the
systematic bits are mapped starting at the position indi-
cated by RVO0 and the parity bits are mapped starting at
the end of the systematic bits. The region indicated by
the upper right diagonal line is filled with the systematic
bits. The region indicated by the lattice line is filled with
the parity bits.

[0390] Inthe bit-selection procedure, bits in the circular
buffer are read out starting at the starting point k, with
length E,. The bits read out from the circular buffer are
written into the rate matching output sequence e.
[0391] The starting point kg is determined based on
the redundancy version indicated or determined by a re-
dundancy version field in an uplink DCI format for dy-
namic scheduling.

[0392] For example, the starting point kg may be de-
termined based on the redundancy version and an iden-
tification of an instance. For example, in a case that one
DCI format schedules a repetition of a PUSCH, terminal
device 1 may transmit multiple instances. For each in-
stance, the starting point k, may be determined. For ex-
ample, in a case that 8 instances (instance#0, in-
stance#1, instance#2, instance#3, instance#4, in-
stance#5, instance#6, instance#7) are scheduled by one
DCI format, the starting point ky may be determined 8
times.
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[0393] For example, a sequence of RV (redundancy
version) may be provided to the terminal device 1. In a
case that a sequence of RV is provided, a RV is allocated
to each instance in the multiple instances based on the
sequence. For example, in a case that the sequence [0,
2, 3, 1] of length Ny is provided, (mod (n, Ng)+1)th value
in the sequence may be allocated to nth instance. The
starting point k,, of nth instance may be determined based
on the allocated RV for nt" instance.

[0394] Figure 15 is an example configuration of first
type repetition of a PUSCH scheduled by a DCI format
in multiple slots according to an aspect of the present
embodiment. In Figure 15, 15000 indicates a PDCCH
with a DCI format which schedules a PUSCH with a first
type repetition. It is assumed that the first type repetition
is scheduled in slots starting at slot#¥n+3 in Figure 15.
15001 indicates an instance of the PUSCH in slot #n+3.
Here, a value S indicates a starting OFDM symbol index
within the slot for the instance 15001. Also, a value L
indicates a length in terms of the number of OFDM sym-
bols for the instance 15001. 6 instances indicated by
15002 to 15007 are followed by the instance 15001. Each
instance is mapped within a slot. In Figure 15, it is as-
sumed that the number Ko, of repetitions is 7.

[0395] A TDRA field in the DCI format may provide a
value S and a value L.

[0396] InFigure 15, the S is applied to all the instances
for the PUSCH. For example, all the instances apply the
same starting OFDM symbol index within a slot. In Figure
15, the L is applied to all the instances for the PUSCH.
For example, all the instances apply the same length in
terms of the number of OFDM symbols.

[0397] In a first type repetition, multiple instances for
aPUSCH may be allocated on K, continuous slots start-
ing at a slot determined by a DCI format scheduling the
PUSCH. For example, in a case that a DCI format sched-
uling the PUSCH includes a TDRA field, the TDRA field
may provide a value K for determining the starting slot
for the PUSCH. For example, the value K is in unit of
slots. For example, the terminal device 1 may determine
the starting slot as slot#(n+K) in a case that a PDCCH
including the DCI format is detected in slot#n. In a case
that the DCI format doesn’t include a TDRA field, the
value K may be provided by a RRC layer through a RRC
parameter.

[0398] A sequence of RV for the first type repetition
may be provided to the terminal device 1. For example,
the sequence may be provided by a RRC layer through
a RRC parameter. In a case that a sequence of RV is
provided for the first type repetition, (mod (n, Ng)+1)th
value in the sequence may be allocated to nth instance.
Here, an index may be provided to each instance for the
PUSCH in ascending order in the time domain.

[0399] For a first type repetition, in a case that an in-
stance overlaps with a downlink symbol determined by
a slot configuration, transmission of the instance may be
omitted (or dropped, cancelled, not transmitted).

[0400] For a first type repetition, in a case that an in-
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stance overlaps with a downlink symbol determined by
a slot format, transmission of the instance may be omit-
ted.

[0401] For a first type repetition, in a case that an in-
stance overlaps with another uplink signal with a higher
priority than the priority for the PUSCH, transmission of
the instance may be omitted. For example, the uplink
signal may be a second PUSCH with higher priority than
the priority of the PUSCH. For example, the priority for a
PUSCH may be provided by a DCI format scheduling the
PUSCH.

[0402] Figure 16is an example configuration of second
type repetition of a PUSCH scheduled by a DCI format
in multiple slots according to an aspect of the present
embodiment. In Figure 16, 16000 indicates a PDCCH
with a DCI format which schedules a PUSCH with a sec-
ond type repetition. It is assumed that the second type
repetitionis scheduled in slots starting at slot#n+3. 16001
indicates an instance of the PUSCH in slot #n+3. Here,
avalue S indicates a starting OFDM symbol index within
the slot for the instance. Also, a value L indicates a length
interms of the number of OFDM symbols for the instance.
3 instances indicated by 16002 to 16004 are followed by
the instance 16001. Each instance is mapped within a
slot. In Figure 16, it is assumed that the number K, of
repetitions is 4.

[0403] In Figure 16, Sis applied to all instances for the
PUSCH. Forexample, allinstances apply the same start-
ing OFDM symbol index within a slot. In Figure 16, L is
applied to all instances for the PUSCH. For example, all
instances apply the same length in terms of the number
of OFDM symbols.

[0404] Inasecond type repetition, the multiple instanc-
es for a PUSCH may be allocated on K, continuous
available slots starting at a slot determined by a DCI for-
mat scheduling the PUSCH. For example, in a case that
a DCI format scheduling the PUSCH includes a TDRA
field, the TDRA field may provide a value K for determin-
ing the starting slot for the PUSCH. For example, the
value K is in unit of slots. For example, in a case that the
terminal device 1 may determine the starting slot as
slot#(n+K). In a case that the DCI format doesn’t include
a TDRA field, the value K may be provided by a RRC
layer through a RRC parameter.

[0405] In a second type repetition, K, continuous
available slots may be determined by a slot configuration.
For example, a slot may be available in a case that a set
of OFDM symbols allocated for an instance in the slot
doesn’t overlap with any downlink symbol which is de-
termined by a slot configuration. For example, a slot may
be available in a case that a set of OFDM symbols de-
termined by a value S and a value L in the slot doesn’t
overlap with any downlink symbol which is determined
by a slot configuration. The value S and the value L may
be provided by the TDRA field in the DCI format. In Figure
16, slot#n+3is available for a second type repetition since
the set of OFDM symbols allocated for the instance
16001 doesn’t overlap with 9001. In other words,



69 EP 4 213 455 A1 70

slot#n+3 is available for a second type repetition since
each OFDM symbol allocated for the instance 16001
overlaps with 9002 or 9003. In Figure 16, slot#n+4 is
available for a second type repetition since the set of
OFDM symbols allocated for the instance 16002 doesn’t
overlap with 9001. In other words, slot#n+4 is available
for a second type repetition since each OFDM symbols
allocated for the instance 16002 overlaps with 9003. In
Figure 16, slot#¥n+5 is not available for a second type
repetition since the set of OFDM symbols determined by
the value S and the value L overlaps with 9011. In other
words, slot#n+5 is not available for a second type repe-
tition since some OFDM symbols determined by the val-
ue S and the value L doesn’t overlap with 9002 or 9003.
[0406] A sequence of RV may be provided for the sec-
ond type repetition to the terminal device 1. For example,
the sequence may be provided by a RRC layer through
a RRC parameter. In a case that a sequence of RV is
provided for the second type repetition, (mod (n, Ng)+1)th
value in the sequence may be allocated to nth instance.
Here, an index may be provided to each instance for the
PUSCH in ascending order in the time domain.

[0407] For example, afirst sequence of RV and a sec-
ond sequence of RV may be provided to the terminal
device 1. For example, the first sequence may be used
for a first type repetition. For example, the second se-
quence may be used for a second type repetition.
[0408] Forexample, the first sequence may be provid-
ed by a RRC layer through a first RRC parameter. For
example, the second sequence may be provided by a
RRC layer through a second RRC parameter which is
different from the first RRC parameter.

[0409] For a second type repetition, in a case that an
instance overlaps with a downlink symbol determined by
a slot configuration, transmission of the instance may be
omitted. On the other hand, for a second type repetition,
there may be no case that an instance overlaps with a
downlink symbol determined by a slot configuration since
the collision handling with the downlink symbol by the
slot configuration may have been done already in a pro-
cedure of determining the K, continuous available slots.
Therefore, for a second type repetition, transmission of
the instance may not be omitted based on the slot con-
figuration. For example, for a second type repetition, the
terminal device 1 may not determine, based on the slot
configuration, whether an instance is omitted or not. For
example, the terminal device 1 may not perform a proc-
ess of determining, based on the slot configuration,
whether an instance is omitted or not.

[0410] For a second type repetition, in a case that an
instance overlaps with a downlink symbol determined by
a slot format, transmission of the instance may be omit-
ted.

[0411] For a second type repetition, in a case that an
instance overlaps with another uplink signal with a higher
priority than the priority for the PUSCH, transmission of
the instance may be omitted. For example, the uplink
signal may be a second PUSCH with higher priority than
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the priority of the PUSCH. For example, the priority for a
PUSCH may be provided by a DCI format scheduling the
PUSCH.

[0412] A third type repetition is described with Figure
16 assuming K¢, = 3.

[0413] In a third type repetition, multiple instances for
a PUSCH may be allocated on continuous available slots
starting at a slot determined by a DCI format scheduling
the PUSCH.

[0414] In a third type repetition, the continuous avail-
able slots may be determined by a slot configuration. For
example, a slot may be available in a case that a set of
OFDM symbols allocated for an instance in the slot
doesn’t overlap with any downlink symbol which is de-
termined by a slot configuration. For example, a slot may
be available in a case that a set of OFDM symbols de-
termined by a value S and a value L provided by the
TDRA field in the DCI format in the slot doesn’t overlap
with any downlink symbol which is determined by a slot
configuration. In Figure 16, slot#n+3 is available for a
third type repetition since the set of OFDM symbols al-
located for the instance 16001 doesn’t overlap with 9001.
In other words, slot#n+3 is available for a third type rep-
etition since each OFDM symbol allocated for the in-
stance 16001 overlaps with 9002 or 9003. In Figure 16,
slot#n+4 is available for a third type repetition since the
set of OFDM symbols allocated for the instance 16002
doesn’t overlap with 9001. In other words, slot#n+4 is
available for a third type repetition since each OFDM
symbol allocated for the instance 16002 overlaps with
9003. In Figure 16, slot#n+5 is not available for a third
type repetition since the set of OFDM symbols deter-
mined by the value S and the value L overlaps with 9011.
In other words, slot#n+5 is not available for a third type
repetition since some OFDM symbols determined by the
value S and the value L doesn’t overlap with 9002 or
9003.

[0415] A sequence of RV may be provided for the third
type repetition to the terminal device 1. For example, the
sequence may be provided by a RRC layer through a
RRC parameter. In a case that a sequence of RV is pro-
vided for the third type repetition, (mod (n, Ng)+1)t value
in the sequence may be allocated to nth instance. For
example, a first sequence of RV and a third sequence of
RV may be provided to the terminal device 1. For exam-
ple, the first sequence may be used for a first type rep-
etition. For example, the third sequence may be used for
a third type repetition.

[0416] For example, the first sequence may be provid-
ed by a RRC layer through a first RRC parameter. For
example, the third sequence may be provided by a RRC
layer through a third RRC parameter which is different
from the first RRC parameter.

[0417] For a third type repetition, in a case that an in-
stance overlaps with a downlink symbol determined by
a slot configuration, transmission of the instance may be
omitted. On the other hand, for a third type repetition,
there may be no case that an instance overlaps with a
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downlink symbol determined by a slot configuration since
the collision handling with the downlink symbol by the
slot configuration may have been done already in a pro-
cedure of determining the continuous available slots.
Therefore, for a third type repetition, transmission of the
instance may not be omitted based on the slot configu-
ration. For example, for a third type repetition, the termi-
nal device 1 may not determine, based on the slot con-
figuration, whether an instance is omitted or not. For ex-
ample, the terminal device 1 may not perform a process
of determining, based on the slot configuration, whether
an instance is omitted or not.

[0418] For a third type repetition, in a case that an in-
stance overlaps with a downlink symbol determined by
a slot format, transmission of the instance may be omit-
ted.

[0419] For a third type repetition, in a case that an in-
stance overlaps with another uplink signal with a higher
priority than the priority for the PUSCH, transmission of
the instance may be omitted. For example, the uplink
signal may be a second PUSCH with higher priority than
the priority of the PUSCH. For example, the priority for a
PUSCH may be provided by a DCI format scheduling the
PUSCH.

[0420] For a third type repetition, first Ko, instances
are determined for the PUSCH transmission. For exam-
ple, in a case that no instances are omitted, the terminal
device may determine that the instance 16001, 16002,
and 16003 as the first K, instances. For example, in a
case that the instance 16002 is omitted due to the colli-
sion with the high priority signal, the terminal device de-
termines that the instance 16001, 16003 and 16004 as
the first Ko, instances. For example, in a case that the
instance 16003 is omitted due to the collision with the
high priority signal, the terminal device determines that
the instance 16001, 16002 and 16004 as the first K¢
instances.

[0421] A fourth type repetition is described with Figure
16 assuming K, = 3.

[0422] In afourth type repetition, multiple instances for
a PUSCH may be allocated on continuous available slots
starting at a slot determined by a DCI format scheduling
the PUSCH.

[0423] In a fourth type repetition, the continuous avail-
able slots may be determined by a slot configuration. For
example, a slot may be available in a case that a set of
OFDM symbols allocated for an instance in the slot
doesn’t overlap with any downlink symbol which is de-
termined by a slot configuration. For example, a slot may
be available in a case that a set of OFDM symbols de-
termined by a value S and a value L provided by the
TDRA field in the DCI format in the slot doesn’t overlap
with any downlink symbol which is determined by a slot
configuration. In Figure 16, slot#n+3 is available for a
fourth type repetition since the set of OFDM symbols al-
located for the instance 16001 doesn’t overlap with 9001.
In other words, slot#n+3 is available for a fourth type
repetition since each OFDM symbol allocated for the in-
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stance 16001 overlaps with 9002 or 9003. In Figure 16,
slot#n+4 is available for a fourth type repetition since the
set of OFDM symbols allocated for the instance 16002
doesn’t overlap with 9001. In other words, slot#n+4 is
available for a fourth type repetition since each OFDM
symbol allocated for the instance 16002 overlaps with
9003. In Figure 16, slot#n+5 is not available for a fourth
type repetition since the set of OFDM symbols deter-
mined by the value S and the value L overlaps with 9011.
In other words, slot#n+5 is not available for a fourth type
repetition since some OFDM symbols determined by the
value S and the value L doesn’t overlap with 9002 or
9003.

[0424] Before determining a RV for each instance, the
terminal device 1 may determine whether one or more
instances are omitted or not. For example, in a case that
no instances are omitted, the terminal device may deter-
mine that the instance 16001, 16002, and 16003 as the
first Kpgp instances. For example, in a case that the in-
stance 16002 is omitted due to the collision with the high
priority signal, the terminal device determines that the
instance 16001, 16003 and 16004 as the first K, in-
stances. For example, in a case that the instance 16003
is omitted due to the collision with the high priority signal,
the terminal device determines that the instance 16001,
16002 and 16004 as the first K¢, instances.

[0425] A sequenceof RV may be provided for the fourth
type repetition to the terminal device 1. For example, the
sequence may be provided by a RRC layer through a
RRC parameter. In a case that a sequence of RV is pro-
vided for the fourth type repetition, (mod (n, Ng)+1)th value
in the sequence may be allocated to nth instance within
the first Ko, instances. For example, a first sequence of
RV and a fourth sequence of RV may be provided to the
terminal device 1. For example, the first sequence may
be used for a first type repetition. For example, the fourth
sequence may be used for a fourth type repetition.
[0426] For example, the first sequence may be provid-
ed by a RRC layer through a first RRC parameter. For
example, the fourth sequence may be provided by a RRC
layer through a fourth RRC parameter which is different
from the first RRC parameter.

[0427] For a fourth type repetition, in a case that an
instance overlaps with a downlink symbol determined by
a slot configuration, transmission of the instance may be
omitted. On the other hand, for a fourth type repetition,
there may be no case that an instance overlaps with a
downlink symbol determined by a slot configuration since
the collision handling with the downlink symbol by the
slot configuration may have been done already in a pro-
cedure of determining the continuous available slots.
Therefore, for a fourth type repetition, transmission of the
instance may not be omitted based on the slot configu-
ration. For example, for a fourth type repetition, the ter-
minal device 1 may not determine, based on the slot con-
figuration, whether an instance is omitted or not. For ex-
ample, the terminal device 1 may not perform a process
of determining, based on the slot configuration, whether
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an instance is omitted or not.

[0428] For a fourth type repetition, in a case that an
instance overlaps with a downlink symbol determined by
a slot format, transmission of the instance may be omit-
ted.

[0429] For a fourth type repetition, in a case that an
instance overlaps with another uplink signal with a higher
priority than the priority for the PUSCH, transmission of
the instance may be omitted. For example, the uplink
signal may be a second PUSCH with higher priority than
the priority of the PUSCH. For example, the priority for a
PUSCH may be provided by a DCI format scheduling the
PUSCH.

[0430] Forafourthtype repetition, the firstKq, instanc-
es are transmitted for the PUSCH transmission.

[0431] Figure 17 is an example configuration of first
type repetition of a PUSCH with a configured grant in
multiple slots according to an aspect of the present em-
bodiment. In Figure 17, 17010 indicates a period for a
configured grant. 17011 indicates a period for a config-
ured grant. Periods 17010 and 17011 are configured pe-
riodically. A configured grant occurs in a starting OFDM
symbol of the period 17010. In a case that a configured
grant occurs in a starting OFDM symbol of the period
17010, itis assumed that the first type repetition is sched-
uled in slots starting at slot#n+3 where slot#n+3 includes
the starting OFDM symbol. 17001 indicates an instance
of the PUSCH in slot #n+3. Here, a value S indicates a
starting OFDM symbol index within the slot for the in-
stance 17001. Also, a value L indicates a length in terms
of the number of OFDM symbols for the instance 17001.
5 instances indicated by 17002 to 17006 are followed by
the instance 17001. Each instance is mapped within a
slot. In Figure 17, it is assumed that the number K, of
repetitions is 6.

[0432] Here, the PUSCH is associated with the period
17010. Also, the PUSCH is associated with the instances
17001 to 17006.

[0433] For example, a value S and a value L may be
provided by a RRC layer via a RRC parameter. For ex-
ample, a value S and a value L may be provided by a
TDRA field in a DCI format which activates a configured
grant operation.

[0434] 17007 indicates aninstance ofanother PUSCH.
The instance 17007 is not a part of repetitions for the
PUSCH within the period 17010. The instance 17007 is
a first instance for another PUSCH within the period
17011. Here, a period may define a time occasion which
includes a number of repetitions for a single PUSCH. For
example, if two instances are included in different peri-
ods, the two instances are associated with different
PUSCH.

[0435] Here, another PUSCH is associated with the
period 17011. Also, another PUSCH is associated with
the instances 17001 to 17006.

[0436] A PUSCH with instances which occur within a
period is associated with the period. The PUSCH is as-
sociated with the instances.
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[0437] InFigure 17, the Sis applied to all the instances
for the PUSCH. For example, all the instances apply the
same starting OFDM symbol index within a slot. In Figure
17, the L is applied to all the instances for the PUSCH.
For example, all the instances apply the same length in
terms of the number of OFDM symbols.

[0438] In a first type repetition, multiple instances for
aPUSCH may be allocated on K, continuous slots start-
ing ata slotincluding a starting OFDM symbol of a period.
[0439] Figure 18is anexample configuration of second
type repetition of a PUSCH with a configured grant in
multiple slots according to an aspect of the present em-
bodiment. In Figure 18, 18001 indicates an instance of
the PUSCH in slot #n+3. Here, a value S indicates a
starting OFDM symbol index within the slot for the in-
stance. Also, a value L indicates a length in terms of the
number of OFDM symbols for the instance. 2 instances
indicated by 18002 and 18003 are followed by the in-
stance 18001. Each instance is mapped within a slot.
[0440] InFigure 18, itis assumed that the number K¢,
of repetitions is 4. On the other hand, the instance 18004
is not associated with the PUSCH. The instance 18004
is a first instance associated with another PUSCH within
the period 17011.

[0441] For example, for a second type repetition, a set
of instances for a PUSCH associated with a period may
be determined based on the number K¢, and the period.
For example, in a case that an instance for a PUSCH is
out of the period associated with the PUSCH, the in-
stance may be excluded from the set of instances for the
PUSCH. Forexample, the K/, indicates a maximum val-
ue for the number of instances fora PUSCH and instanc-
es are mapped within the period such that the number
of the instances doesn’t exceed the number K,
[0442] InFigure 18, avalue Sis applied to all instances
for the PUSCH. For example, all instances apply the
same starting OFDM symbol index within a slot. In Figure
18, a value L is applied to all instances for the PUSCH.
Forexample, allinstances apply the same length interms
of the number of OFDM symbols.

[0443] Inasecond type repetition, the multiple instanc-
esforaPUSCH may be allocated on continuous available
slots starting at a slot including a starting OFDM symbol
of a period associated with the PUSCH.

[0444] A third type repetition is described with Figure
18 assuming K¢, = 4.

[0445] In a third type repetition, multiple instances for
a PUSCH may be allocated on continuous available slots
starting at a slot including a starting OFDM symbol of the
period associated with the PUSCH.

[0446] For example, for a third type repetition, a set of
instances for a PUSCH associated with a period may be
determined based on the number K, and the period.
For example, in a case that an instance for a PUSCH is
out of the period associated with the PUSCH, the in-
stance may be excluded from the set of instances for the
PUSCH. Forexample, the K, indicates a maximum val-
ue for the number of instances fora PUSCH and instanc-
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es are mapped within the period such that the number
of the instances doesn’t exceed the number Kig,.
[0447] A fourth type repetition is described with Figure
16 assuming K, = 4.

[0448] In afourth type repetition, multiple instances for
a PUSCH may be allocated on continuous available slots
starting at a slot including a starting OFDM symbol of the
period associated with the PUSCH.

[0449] Figure 19 shows an example of a method for a
UE. The method may comprise acquiring a first RRC pa-
rameter (Step 1901) and transmitting a PUSCH in mul-
tiple slots (Step 1902). If the first RRC parameter is set
to a first value, conditions in a slot format procedure may
not be used for determination of the multiple slots. If the
first RRC parameter is set to a second value, the condi-
tions in the slot format procedure may be used for the
determination of the multiple slots.

[0450] Figure 20 shows an example of a method for a
base station is described. The method may comprise
sending afirst RRC parameter (Step 2001) and receiving
a PUSCH in multiple slots (Step 2002). If the first RRC
parameter is set to a first value, conditions in a slot format
procedure may not be used for determination of the mul-
tiple slots. If the first RRC parameter is set to a second
value, the conditions in the slot format procedure may be
used for the determination of the multiple slots.

[0451] There are two types of transmission without dy-
namic grant. One is the configured grant Type 1 where
an uplink grant is provided by RRC, and stored as con-
figured uplink grant, and another is the configured grant
Type 2 where an uplink grant s provided by PDCCH, and
stored or cleared as configured uplink grant based on L1
signalling indicating configured uplink grant activation or
deactivation. Type 1 and Type 2 are configured by RRC
for a Serving Cell per BWP. Multiple configurations can
be active simultaneously in the same BWP. For Type 2,
activation and deactivation are independent among the
Serving Cells. For the same BWP, the MAC entity can
be configured with both Type 1 and Type 2.

[0452] RRC configures the following parameters when
the configured grant Type 1 is configured. The cs-RNTI
is used for determining CS-RNTI for retransmission. The
periodicity is used for determining the periodicity of the
configured grant Type 1. The timeDomainOffset is used
for determining the offset of a resource with respect to
SFN = timeReferenceSFN in time domain. The timeDo-
mainAllocation is used for determining the allocation of
configured uplink grant in time domain which contains
startSymbolAndLength (i.e. SLIV) or startSymbol. The
nrofHARQ-Processes is used for determining the
number of HARQ processes for configured grant. The
harg-ProclD-Offset is used for determining the offset of
HARQ process for configured grant for operation with
shared spectrum channel access. The harg-ProcID-
Offset2 is used for determining the offset of HARQ proc-
ess for configured grant. The timeReferenceSFN is used
for determining the SFN used for determination of the
offset of a resource in time domain. The UE uses the
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closest SFN with the indicated number preceding the re-
ception of the configured grant configuration.

[0453] RRC configures the following parameters when
the configured grant Type 2 is configured. The cs-RNTI
is used for determining CS-RNTI for retransmission. The
periodicity is used for determining the periodicity of the
configured grant Type 2. The nrofHARQ-Processes is
used for determining the number of HARQ processes for
configured grant. The harg-ProcID-Offset is used for de-
termining the offsetof HARQ process for configured grant
for operation with shared spectrum channel access. The
harg-ProcID-Offset2 is used for determining the offset of
HARQ process for configured grant.

[0454] RRC configures the following parameters when
retransmissions on configured uplink grant is configured.
The cg-RetransmissionTimer is used for determining the
duration after a configured grant (re)transmission of a
HARQ process when the UE may have to not autono-
mously retransmit that HARQ process.

[0455] Upon configuration of a configured grant Type
1 for a BWP of a Serving Cell by upper layers, the MAC
entity may have to store the uplink grant provided by up-
per layers as a configured uplink grant for the indicated
BWP of the Serving Cell and initialise or re-initialise the
configured uplink grant to start in the symbol according
to timeDomainOffset, timeReferenceSFN, and S (de-
rived from SLIV or provided by startSymbol), and to re-
occur with periodicity.

[0456] After an uplink grant is configured for a config-
ured grant Type 1, the MAC entity may have to consider
sequentially that the Nth (N >= 0) uplink grant occurs in
the symbol for which [(SFN X numberOfSlotsPerFrame
X numberOfSymbolsPerSlot) + (slot number in the frame
X numberOfSymbolsPerSlot) + symbol number in the
slot] = (timeReferenceSFN X numberOfSlotsPerFrame
X numberOfSymbolsPerSlot + timeDomainOffset X
numberOfSymbolsPerSlot + S + N X periodicity) modulo
(1024 X numberOfSlotsPerFrame X numberOfSymbol-
sPerSlot).

[0457] After an uplink grant is configured for a config-
ured grant Type 2, the MAC entity may have to consider
sequentially that the Nth (N >= 0) uplink grant occurs in
the symbol for which [(SFN X numberOfSlotsPerFrame
X numberOfSymbolsPerSlot) + (slot number in the frame
X numberOfSymbolsPerSlot) + symbol number in the
slot] = [(SFNstart time X numberOfSlotsPerFrame X
numberOfSymbolsPerSlot + slotstart time X numberOf-
SymbolsPerSlot + symbolstart time) + N X periodicity]
modulo (1024 X numberOfSlotsPerFrame X numberOf-
SymbolsPerSlot).

[0458] If cg-nrofPUSCH-InSlot or cg-nrofSlots is con-
figured for a configured grant Type 1 or Type 2, the MAC
entity may have to consider the uplink grants occur in
those additional PUSCH allocations as specified in the
UE procedure(s) for transmitting the PUSCH with the re-
source allocation for the uplink transmission with config-
ured grant.

[0459] If the available slot-based counting is config-
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ured for a configured grant Type 1, the MAC entity may
have to consider the Nth (N >= 0) uplink grant occurs in
the first symbol of the first available slot as specified in
the UE procedure(s) associated with Transport Block
repetition for uplink transmissions of PUSCH repetition
Type A with a configured grant at or after the symbol for
which [(SFN X numberOfSlotsPerFrame X numberOf-
SymbolsPerSlot) + (slot number in the frame X num-
berOfSymbolsPerSlot) + symbol number in the slot] =
(timeReferenceSFN X numberOfSlotsPerFrame X
numberOfSymbolsPerSlot + timeDomainOffset X num-
berOfSymbolsPerSlot + S + N X periodicity) modulo
(1024 X numberOfSlotsPerFrame X numberOfSymbol-
sPerSlot).

[0460] If the available slot-based counting is config-
ured for a configured grant Type 2, the MAC entity may
have to consider the Nth (N >= 0) uplink grant occurs in
the first symbol of the first available slot as specified in
the UE procedure(s) associated with Transport Block
repetition for uplink transmissions of PUSCH repetition
Type A with a configured gran at or after the symbol for
which [(SFN X numberOfSlotsPerFrame X numberOf-
SymbolsPerSlot) + (slot number in the frame X num-
berOfSymbolsPerSlot) + symbol number in the slot] =
[(SFNstart time X numberOfSlotsPerFrame X num-
berOfSymbolsPerSlot + slotstart time X numberOfSym-
bolsPerSlot + symbolstarttime) + N X periodicity] modulo
(1024 X numberOfSlotsPerFrame X numberOfSymbol-
sPerSlot).

[0461] The SFNstart time, the slotstart time, and the
symbolstart time are the SFN, slot, and symbol, respec-
tively, of the first transmission opportunity of PUSCH
where the configured uplink grant was (re-)initialised.
[0462] In case of unaligned SFN across carriers in a
cell group, the SFN of the concerned Serving Cell is used
to calculate the occurrences of configured uplink grants.
[0463] When the configured uplink grant is released
by upper layers, allthe corresponding configurations may
have to be released, and all corresponding uplink grants
may have to be cleared.

[0464] The MAC entity may have to, if atleast one con-
figured uplink grant confirmation has been triggered and
not cancelled and if the MAC entity has UL resources
allocated for new transmission and if, in this MAC entity,
at least one configured uplink grant is configured by con-
figuredGrantConfigToAddModList, instruct the Multi-
plexing and Assembly procedure to generate a Multiple
Entry Configured Grant Confirmation MAC CE. Else, the
MAC entity may have to instruct the Multiplexing and As-
sembly procedure to generate a Configured Grant Con-
firmation MAC CE. Or, the MAC entity may have to cancel
all triggered configured uplink grant confirmation(s).
[0465] For a configured grant Type 2, the MAC entity
may have to clear the configured uplink grant(s) imme-
diately after first transmission of Configured Grant Con-
firmation MAC CE or Multiple Entry Configured Grant
Confirmation MAC CE which confirms the configured up-
link grant deactivation.
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[0466] Retransmissions use repetition of configured
uplink grants or received uplink grants addressed to CS-
RNTI or configured uplink grants with cg-Retransmis-
sionTimer configured.

[0467] The MAC entityincludes a HARQ entity for each
Serving Cell with configured uplink (including the case
when it is configured with supplementaryUplink), which
maintains a number of parallel HARQ processes.
[0468] The number of parallel UL HARQ processes per
HARQ entity is specified in the physical layer procedures
for data.

[0469] Each HARQ process supports one TB.

[0470] EachHARQ processis associated witha HARQ
process identifier. For UL transmission with UL grant in
RA Response or for UL transmission for MSGA payload,
HARQ process identifier 0 is used.

[0471] When a single DCl is used to schedule multiple
PUSCH, the UE is allowed to map generated TB(s) in-
ternally to different HARQ processes in case of LBT fail-
ure(s), i.e. UE may transmit a new TB on any HARQ
process in the grants that have the same TBS, the same
RV and the NDIs indicate new transmission.

[0472] The maximum number of transmissions of a TB
within a bundle of the dynamic grant or configured grant
is given by REPETITION_NUMBER. For a dynamic
grant, REPETITION_NUMBER is set to a value provided
by lower layers, as specified in the UE procedures asso-
ciated with the resource allocation in time domain. For a
configured grant, REPETITION_NUMBER is set to a val-
ue provided by lower layers, as specified in the UE pro-
cedure(s) for transmitting the PUSCH with the resource
allocation for the uplink transmission with configured
grant.

[0473] If REPETITION _NUMBER > 1, after the first
transmission within a bundle, at most
REPETITION_NUMBER - 1 HARQ retransmissions fol-
low within the bundle. For both dynamic grant and con-
figured uplink grant, bundling operation relies on the
HARQ entity for invoking the same HARQ process for
each transmission that is part of the same bundle. Within
a bundle, HARQ retransmissions are triggered without
waiting for feedback from previous transmission accord-
ing to REPETITION_NUMBER for a dynamic grant or
configured uplink grant unless they are terminated as
specified in the UE procedure for transmitting the
PUSCH. Each transmission within a bundle is a separate
uplink grant delivered to the HARQ entity.

[0474] The K available slots may be configured based
on the REPETITION_NUMBER.

[0475] Ifa UEis configured with higherlayer parameter
pusch-TimeDomainAllocationListForMultiPUSCH, the
UE does not expect to be configured with pusch-Aggre-
gationF actor.

[0476] Figure 21 shows an example of a table of an
applicable PUSCH time domain resource allocation for
common search space and DCI format 0_0in UE specific
search space.

[0477] Figure 22 shows an example of a table of an



79 EP 4 213 455 A1 80

applicable PUSCH time domain resource allocation for
DCI format 0_1 in UE specific search space scrambled
with C-RNTI, MCS-C-RNTI, CS-RNTI or SP-CSI-RNTI.
[0478] Figure 23 shows an example of a table of an
applicable PUSCH time domain resource allocation for
DCI format 0_2 in UE specific search space scrambled
with C-RNTI, MCS-C-RNTI, CS-RNTI or SP-CSI-RNTI.
[0479] Figure 24 shows an example of a table of a de-
fault PUSCH time domain resource allocation A for nor-
mal CP. The subcarrier spacing specific value j is used
in determination of K, in conjunction to Figure 24, for
normal CP.

[0480] Figure 21, Figure 22 and Figure 23 define which
PUSCH time domain resource allocation configuration
to apply. Figure 21, Figure 22 and Figure 23 is used for
determination of the resource allocation table to be used
for PUSCH.

[0481] Whenthe UEis scheduled totransmita PUSCH
with no transport block and with a CSl report(s) by a 'CSI
request’ field on a DCI, the 'Time domain resource as-
signment’ field value m of the DCI provides a row index
m + 1 to the allocated table as defined in Figure 21, Figure
22, Figure 23 and Figure 24.

[0482] For PUSCH repetition Type A, the starting sym-
bol S relative to the start of the slot, and the number of
consecutive symbols L counting from the symbol S allo-
cated for the PUSCH are determined from the start and
length indicator SLIV of the indexed row.

[0483] For PUSCH repetition Type B, the starting sym-
bol S relative to the start of the slot, and the number of
consecutive symbols L counting from the symbol S allo-
cated for the PUSCH are provided by startSymbol and
length of the indexed row of the resource allocation table,
respectively.

[0484] ForPUSCH repetition Type A,the PUSCH map-
ping type is set to Type A or Type B as defined in Pre-
coding and mapping to physical resources as given by
the indexed row.

[0485] ForPUSCH repetition Type B,the PUSCH map-
ping type is set to Type B.

[0486] For PUSCH repetition Type A, when transmit-
ting PUSCH scheduled by DCI format0_1 or 0_2 in PD-
CCH with CRC scrambled with C-RNTI, MCS-C-RNTI,
or CS-RNTI with NDI=1, the number of repetitions K is
determined as the number of repetitions K is equal to
numberOfRepetitions if numberOfRepetitions is present
in the resource allocation table, the number of repetitions
K is equal to pusch-AggregationFactor elseif the UE is
configured with pusch-AggregationFactor, otherwise
K=1. The number of slots used for TBS determination N
is equal to 1.

[0487] For unpaired spectrum, when an RRC param-
eter AvailableSlotCounting is enabled, the UE deter-
mines N*K slots for a PUSCH transmission of a PUSCH
repetition Type A scheduled by DCI format 0_1 or 0_2,
based on RRC parameters tdd-UL-DL-Configuration-
Common, tdd-UL-DL-ConfigurationDedicated and ssb-
PositionsInBurst, and the TDRA information field value
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in the DCl format 0_1 or 0_2. A slot is not counted in the
number of N*K slots for PUSCH transmission of a
PUSCH repetition Type A scheduled by DCI format 0_1
or 0_2 if at least one of the symbols indicated by the
indexed row of the used resource allocation table in the
slot overlaps with a DL symbol indicated by tdd-UL-DL-
ConfigurationCommon or tdd-UL-DL-ConfigurationDed-
icated if provided, or a symbol of an SS/PBCH block with
index provided by ssb-PositionsIinBurst. Otherwise, the
UE determines N*K consecutive slots fora PUSCH trans-
mission of a PUSCH repetition Type A scheduled by DCI
format 0_1 or 0 2, based on the TDRA information field
value in the DCIl format 0_1 or 0 2.

[0488] As explained above, there are two counting
method, one is available-slot counting (also referred to
as the counting based on available slots) and the other
is physical-slot counting (also referred to as the counting
based on consecutive slots, consecutive-slot counting or
regular/normal/legacy counting). In the available-slot
counting, the N*K earliest available slots no earlier than
the slot which is determined by the slot offset K2 may be
determined as the slots for a PUSCH transmission,
where a slot is not counted as the available slot if at least
one of the symbols indicated by the indexed row of the
used resource allocation table (i.e., the symbols indicated
by the TDRA field) in the slot overlaps with a DL symbol
indicated by tdd-UL-DL-ConfigurationCommon or tdd-
UL-DL-ConfigurationDedicated if provided, or a symbol
of an SS/PBCH block with index provided by ssb-Posi-
tionsInBurst. In the physical-slot counting, the N*K con-
secutive slots starting with the slot which is determined
by the slot offset K2 may be determined as the slots for
a PUSCH transmission, irrespective of the overlapping
with the DL symbol or the symbol of the SS/PBCH block.
Note that the actual transmission in the slot determined
for the PUSCH may or may not be further dropped de-
pending on the collisions with other channels and/or sig-
nals.

[0489] For unpaired spectrum, when an RRC param-
eter AvailableSlotCounting is enabled and the UE is
scheduled to transmit a PUSCH with no transport block
and with a CSl report(s) by a ‘'CSl request field on a DCI,
the UE may determine N*K consecutive slots for a
PUSCH transmission of a PUSCH repetition Type A
scheduled by DCI format 0_1 or 0 2, based on the TDRA
information field value in the DCI format 0_1 or 0 2.
[0490] For unpaired spectrum, when an RRC param-
eter AvailableSlotCounting is enabled and the UE is
scheduled to transmit a PUSCH with no transport block
and with a CSl report(s) by a 'CSl request field on a DCI,
the UE may determine N*K consecutive slots for a
PUSCH transmission with a transport block of a PUSCH
repetition Type A scheduled by DCI format 0_1 or 0_2,
based on the TDRA information field value in the DCI
format0_1or0_2.

[0491] For unpaired spectrum, when an RRC param-
eter AvailableSlotCounting is disabled and the UE is
scheduled to transmit a PUSCH with no transport block
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and with a CSl report(s) by a’CSl request’ field on a DCI,
the UE may determine N*K consecutive slots for a
PUSCH transmission of a PUSCH repetition Type A
scheduled by DClformat0_1orQ0_2, based on the TDRA
information field value in the DCI format 0_1 or 0 2.
[0492] For unpaired spectrum, when an RRC param-
eter AvailableSlotCounting is disabled and the UE is
scheduled to transmit a PUSCH with no transport block
and with a CSl report(s) by a’CSl request’ field on a DCI,
the UE may determine N*K consecutive slots for a
PUSCH transmission with a transport block of a PUSCH
repetition Type A scheduled by DCI format 0_1 or 0_2,
based on the TDRA information field value in the DCI
format0_1o0r0_2.

[0493] For unpaired spectrum, when an RRC param-
eter AvailableSlotCounting is enabled and the UE is
scheduled to transmit a PUSCH with no transport block
and with a CSl report(s) by a’CSlI request’ field on a DCI,
the UE may determine N*K slots for a PUSCH transmis-
sion of a PUSCH repetition Type A scheduled by DCI
format 0_1 or 0_2, based on RRC parameters tdd-UL-
DL-ConfigurationCommon, tdd-UL-DL-ConfigurationD-
edicated and ssb-PositionsIinBurst, and the TDRA infor-
mation field value in the DCI format 0_1 or 0_2. A slot
may be not counted in the number of the N*K slots for
the PUSCH transmissions with a transport block of a
PUSCH repetition Type A scheduled by DCI format 0_1
or 0_2 if at least one of the symbols indicated by the
indexed row of the used resource allocation table in the
slot overlaps with a DL symbol indicated by tdd-UL-DL-
ConfigurationCommon or tdd-UL-DL-ConfigurationDed-
icated if provided, or a symbol of an SS/PBCH block with
index provided by ssb-PositionsIinBurst.

[0494] For unpaired spectrum, when an RRC param-
eter AvailableSlotCounting is disabled and the UE is
scheduled to transmit a PUSCH with no transport block
and with a CSl report(s) by a’CSlI request’ field on a DCI,
the UE may determine N*K slots for a PUSCH transmis-
sion of a PUSCH repetition Type A scheduled by DCI
format 0_1 or 0_2, based on RRC parameters tdd-UL-
DL-ConfigurationCommon, tdd-UL-DL-ConfigurationD-
edicated and ssb-PositionsIinBurst, and the TDRA infor-
mation field value in the DCI format 0_1 or 0_2. A slot
may be not counted in the number of the N*K slots for
the PUSCH transmissions with a transport block of a
PUSCH repetition Type A scheduled by DCI format 0_1
or 0_2 if at least one of the symbols indicated by the
indexed row of the used resource allocation table in the
slot overlaps with a DL symbol indicated by tdd-UL-DL-
ConfigurationCommon or tdd-UL-DL-ConfigurationDed-
icated if provided, or a symbol of an SS/PBCH block with
index provided by ssb-PositionsIinBurst.

[0495] Forunpaired spectrum, the UE determines N*K
slots for a PUSCH transmission of TB processing over
multiple slots scheduled by DClformat0_1or0_2, based
on tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-Con-
figurationDedicated and ssb-PositionsIinBurst, and the
TDRA information field value in the DCI format 0_1 or
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0_2. A slot is not counted in the number of N*K slots for
a PUSCH transmission of TB processing over multiple
slots if at least one of the symbols indicated by the in-
dexed row of the used resource allocation table in the
slot overlaps with a DL symbol indicated by tdd-UL-DL-
ConfigurationCommon or tdd-UL-DL-ConfigurationDed-
icated if provided, or a symbol of an SS/PBCH block with
index provided by ssb-PositionsinBurst.

[0496] Forunpaired spectrum, the UE determines N*K
slots for a PUSCH transmission of a PUSCH repetition
Type A scheduled by RAR UL grant, based on tdd-UL-
DL-ConfigurationCommon and ssb-PositionsinBurst,
and the TDRA information field value in the RAR UL
grant. A slot is not counted in the number of N*K slots
for a PUSCH transmission of a PUSCH repetition Type
A scheduled by RAR UL grant, if at least one of the sym-
bols indicated by the indexed row of the used resource
allocation table in the slot overlaps with a DL symbol in-
dicated by tdd-UL-DL-ConfigurationCommon if provided,
or a symbol of an SS/PBCH block with index provided
by ssb-PositionsInBurst.

[0497] For unpaired spectrum, the UE determines N*K
slots for a PUSCH transmission of a PUSCH repetition
Type A scheduled by DCI format 0_0 with CRC scram-
bled by TC-RNTI, based on tdd-UL-DL-Configuration-
Common and ssb-PositionsIinBurst and the TDRA infor-
mation field value in the DCI scheduling the PUSCH. A
slotis notcounted inthe number of N*K slots fora PUSCH
transmission of a PUSCH repetition Type A scheduled
by DCl format 0_0 scrambled by TC-RNTI, if at least one
of the symbols indicated by the indexed row of the used
resource allocation table in the slot overlaps with a DL
symbol indicated by tdd-UL-DL-ConfigurationCommon if
provided, or a symbol of an SS/PBCH block with index
provided by ssb-PositionsInBurst.

[0498] For paired spectrum and SUL band, the UE de-
termines N*K consecutive slots for a PUSCH transmis-
sion of a PUSCH repetition Type A scheduled by DCI
format 0_1 or 0_2, or for a PUSCH transmission of TB
processing over multiple slots scheduled by DCI format
0_1or0_2, based on the TDRA information field value
in the DCI format 0_1 or 0_2, irrespective of whether an
RRC parameter AvailableSlotCounting is enabled or not.
For the case of reduced capability half-duplex UE, and
when an RRC parameter AvailableSlotCounting is ena-
bled, a slot is not counted in the number of N*K slots for
a PUSCH transmission of a PUSCH repetition Type A
scheduled by DCI format 0_1 or 0_2, or for a PUSCH
transmission of TB processing over multiple slots sched-
uled by DCI format 0_1 or 0_2, if at least one of the sym-
bols indicated by the indexed row of the used resource
allocation table in the slot overlaps with a symbol of an
SS/PBCH block with index provided by ssb-Positionsin-
Burst.

[0499] For paired spectrum and SUL band, the UE de-
termines N*K consecutive slots for a PUSCH transmis-
sion of a PUSCH repetition Type A scheduled by RAR
UL grant, based on the TDRA information field value in
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the RAR UL grant.

[0500] For paired spectrum and SUL band, the UE de-
termines N*K consecutive slots for a PUSCH transmis-
sion of a PUSCH repetition Type A scheduled by DCI
format 0_0 with CRC scrambled by TC-RNTI, based on
the TDRA information field value in the DCI scheduling
the PUSCH.

[0501] If an RRC parameter AvailableSlotCounting is
enabled and a UE would transmit a PUSCH of a TB
processing over multiple slots or PUSCH repetition Type
A over N*K slots, and the UE does not transmit the
PUSCH of a TB processing over multiple slots or the
PUSCH repetition Type A in a slot from the N*K slots,
according to UE procedure(s) for reporting control infor-
mation, UE procedure(s) associated with a slot configu-
ration and UE procedure(s) associated with a cancella-
tion indication, the UE counts the slots in the number of
N*K slots.

[0502] For PUSCH repetition Type A, in case K>1, if
the PUSCH is scheduled by DCI format 0_1 or 0_2, ifan
RRC parameter AvailableSlotCounting is enabled, the
same symbol allocation is applied across the N*K slots
determined for the PUSCH transmission and the PUSCH
is limited to asingle transmission layer. The UE may have
to repeat the TB across the N*K slots determined for the
PUSCH transmission, applying the same symbol alloca-
tion in each slot. Otherwise, the same symbol allocation
is applied across the N*K consecutive slots and the
PUSCH is limited to a single transmission layer. The UE
may have to repeat the TB across the N*K consecutive
slots applying the same symbol allocation in each slot.
Else if the PUSCH is scheduled by RAR UL grant or by
DCI format 0_0 with CRC scrambled by TC-RNTI, the
same symbol allocation is applied across the N*K slots
determined for the PUSCH transmission and the PUSCH
is limited to asingle transmission layer. The UE may have
to repeat the TB across the N*K slots determined for the
PUSCH transmission, applying the same symbol alloca-
tion in each slot.

[0503] For TB processing over multiple slots, for un-
paired spectrum, the same symbol allocation is applied
across the N*K slots determined for the PUSCH trans-
mission and the PUSCH is limited to a single transmission
layer. The UE may have to transmit the TB across the
N*K slots determined for the PUSCH transmission, ap-
plying the same symbol allocation in each slot. For paired
spectrum or supplementary uplink band, the same sym-
bol allocation is applied across the N*K consecutive slots
and the PUSCH is limited to a single transmission layer.
The UE may have to transmit the TB across the N*K
consecutive slots applying the same symbol allocation
in each slot.

[0504] For a PUSCH transmission scheduled by DCI
format 0_1, or 0_2, or 0_0 with CRC scrambled by TC-
RNTI, the redundancy version to be applied on the nth
transmission occasion of the TB, wheren =0, 1, ... N*K-
1, is determined according to Figure 25.

[0505] For a PUSCH transmission of a PUSCH repe-
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tition Type A scheduled by RAR UL grant, the redundancy
version to be applied on the nth transmission occasion
of the TB, where n =0, 1, ... N*K -1, is determined ac-
cording to the first row of Figure 25.

[0506] For PUSCH repetition Type A and TB process-
ing over multiple slots, a PUSCH transmission in a slot
of a multi-slot PUSCH transmission is omitted according
to the conditions in UE procedure(s) for reporting control
information, UE procedure(s) associated with a slot con-
figuration and UE procedure(s) associated with a can-
cellation indication.

[0507] ForPUSCH repetition Type B, after determining
the invalid symbol(s) for PUSCH repetition Type B trans-
mission for each of the K nominal repetitions, the remain-
ing symbols are considered as potentially valid symbols
for PUSCH repetition Type B transmission. If the number
of potentially valid symbols for PUSCH repetition Type
B transmission is greater than zero for a nominal repeti-
tion, the nominal repetition consists of one or more actual
repetitions, where each actual repetition consists of a
consecutive set of all potentially valid symbols that can
be used for PUSCH repetition Type B transmission within
a slot. An actual repetition with a single symbol is omitted
except for the case of L=1. An actual repetition is omitted
according to the conditions in UE procedure(s) for report-
ing control information, UE procedure(s) associated with
a slot configuration and UE procedure(s) associated with
a cancellation indication. The UE may have to repeat the
TB across actual repetitions. The redundancy version to
be applied on the nth actual repetition (with the counting
including the actual repetitions that are omitted) is deter-
mined according to Figure 25, where N=1.

[0508] For PUSCH repetition Type B, when a UE re-
ceives a DCI that schedules aperiodic CSI report(s) or
activates semi-persistent CSl report(s) on PUSCH with
no transport block by a ‘CSlI request’ field on a DCI, the
number of nominal repetitions is always assumed to be
1, regardless of the value of numberOfRepetitions. When
the UE is scheduled to transmit a PUSCH repetition Type
B with no transport block and with aperiodic or semi-per-
sistent CSI report(s) by a 'CSI request’ field on a DCI,
the first nominal repetition is expected to be the same as
the first actual repetition. For PUSCH repetition Type B
carrying semi-persistent CSI report(s) without a corre-
sponding PDCCH after being activated on PUSCH by a
'CSl request field on a DCI, if the first nominal repetition
is not the same as the first actual repetition, the first nom-
inal repetition is omitted; otherwise, the first nominal rep-
etition is omitted according to the conditions in UE pro-
cedure(s) for reporting control information, UE proce-
dure(s) associated with a slot configuration and UE pro-
cedure(s) associated with a cancellation indication.
[0509] For PUSCH repetition Type B, when a UE is
scheduled to transmit a transport block and aperiodic CSI
report(s) on PUSCH by a 'CSI request’ field on a DCI,
the CSI report(s) is multiplexed only on the first actual
repetition. The UE does not expect that the first actual
repetition has a single symbol duration.
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[0510] If pusch-TimeDomainAllocationListForMulti-
PUSCH in pusch-Config contains row indicating re-
source allocation for two to eight contiguous PUSCHs,
K2 indicates the slot where UE may have to transmit the
first PUSCH of the multiple PUSCHs. Each PUSCH has
a separate SLIV and mapping type. The number of
scheduled PUSCHs is signalled by the number of indi-
cated valid SLIVs in the row of the pusch-TimeDomain-
AllocationListForMultiPUSCH signalled in DCI format
0_1.

[0511] For pusch-TimeDomainAllocationListForMulti-
PUSCH-r17 in pusch-Config, each PUSCH has a sepa-
rate SLIV, mapping type and K2. The number of sched-
uled PUSCHs is signalled by the number of indicated
SLIVs in the row of the pusch-TimeDomainAllocation-
ListForMultiPUSCH-r17 signalled in DCI format 0_1.
[0512] For both Type 1 and Type 2 PUSCH transmis-
sions with a configured grant, when K > 1, for unpaired
spectrum, if an RRC parameter AvailableSlotCounting is
enabled, the UE may have to repeat the TB across the
N*K slots determined for the PUSCH transmission ap-
plying the same symbol allocation in each slot. A slot is
not counted in the number of N-K slots if at least one of
the symbols indicated by the indexed row of the used
resource allocation table in the slot overlaps with a DL
symbol indicated by tdd-UL-DL-ConfigurationCommon
or tdd-UL-DL-ConfigurationDedicated if provided, or a
symbol of an SS/PBCH block with index provided by ssb-
PositionsInBurst. Otherwise, the UE may have to repeat
the TB across the N*K consecutive slots applying the
same symbol allocation in each slot, except if the UE is
provided with higher layer parameters cg-nrofSlots and
cg-nrofPUSCH-InSlot, in which case the UE repeats the
TB in the repK earliest consecutive transmission occa-
sion candidates within the same configuration.

[0513] For both Type 1 and Type 2 PUSCH transmis-
sions with a configured grant, when K > 1, for paired
spectrum, irrespective of whether AvailableSlotCounting
is enabled or not, the UE may have to repeat the TB
across the N*K consecutive slots applying the same sym-
bol allocation in each slot, except if the UE is provided
with RRC parameters cg-nrofSlots and cg-nrofPUSCH-
InSlot, in which case the UE repeats the TB in the repK
earliest consecutive transmission occasion candidates
within the same configuration. If an RRC parameter Avail-
ableSlotCounting is enabled, and in case of reduced ca-
pability half-duplex UE, a slotis not counted in the number
of N*K slots if at least one of the symbols indicated by
the indexed row of the used resource allocation table in
the slot overlaps with or a symbol of an SS/PBCH block
with index provided by ssb-PositionsinBurst.

[0514] A Type 1 or Type 2 PUSCH transmission with
a configured grant in a slot is omitted according to the
conditions in UE procedure(s) for reporting control infor-
mation, UE procedure(s) associated with a slot configu-
ration and UE procedure(s) associated with a cancella-
tion indication.

[0515] For the PUSCH without UL-SCH and/or the
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PUSCH with CSI only, N=1 and K=1 may be assumed
in the aforementioned procedure. A UE and a base sta-
tion for this case are described.

[0516] The UE may comprise high-layer processing
circuitry configured to acquire atleast a first RRC param-
eter for indicating whether available-slot counting is en-
abled or not. The first RRC parameter may be named
AuvailableSlotCounting. The possible values of the first
RRC parameter may be "enabled" and "disabled". The
UE may also comprise reception circuitry configured to
receive a DCI format (e.g., DCl format 0_1 or DCI format
0_2) for scheduling of a PUSCH. This may also be de-
scribed as that the reception circuitry may monitor and
detect a PDCCH which carries the DCI format. The UE
may also comprise transmission circuitry configured to
transmit the PUSCH in one or more slots scheduled by
the DCI format. The UE may transmit the PUSCH upon
the detection of the PDCCH with the DCI format which
schedules the PUSCH.

[0517] A base station which communicates with the
UE may comprise the functional units associated with
the functional units at the UE side and may perform the
processes associated with the processes at the UE side.
The base station (also referred to as gNB) may comprise
high-layer processing circuitry configured to send at least
a first RRC parameter for indicating whether available-
slot counting is enabled or not. The base station may
also comprise transmission circuitry configured to trans-
mita DCI format (e.g., DCl format 0_1 or DCl format 0_2)
for scheduling of a PUSCH. This may also be described
as that the transmission circuitry may transmit a PDCCH
which carries the DCI format. The base station may also
comprise reception circuitry configured to receive the
PUSCH in one or more slots scheduled by the DCI format.
The base station may monitor and receive the PUSCH
upon the transmission of the PDCCH with the DCI format
which schedules the PUSCH.

[0518] The DCI format may include a plurality of infor-
mation fields. The plurality of information fields may in-
clude Time domain resource assignment field (also re-
ferred to as TDRA (time domain resource allocation)
field). The plurality of information fields may include CSI
request field. The plurality of information fields may in-
clude UL-SCH indicator field. A trigger state may be ini-
tiated using the CSI request field in DCI. When all the
bits of CSl request field in DCI are set to zero, no CSl is
requested. Each of the other values of the CSI request
field in DCI may correspond to and indicate a respective
triggering state. Each trigger state may contain a list of
associated CSI-ReportConfigs indicating the Resource
Set IDs for channel and optionally for interference. A val-
ue of "1" set in the UL-SCH indicator field may indicate
UL-SCH is to be transmitted on the PUSCH and a value
of "0" in the UL-SCH indicator field may indicate UL-SCH
is not to be transmitted on the PUSCH. In other words,
a value of "1" set in the UL-SCH indicator field may indi-
cate at least one transport block is to be included in the
PUSCH, and a value of "0" set in the UL-SCH indicator
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field may indicate no transport block is to be included in
the PUSCH. The value of the UL-SCH indicator field may
be set to "0" only when a trigger state except for no CSI
request is initiated using the CSl request field in the DCI.
[0519] Inacase thatthe first RRC parameter indicates
that the available-slot counting is enabled and the
PUSCH is transmitted in unpaired spectrum, the UE may
determine whether to use available-slot counting, based
on a metric. The metric may be whether a transport block
is included in the PUSCH or not. For example, the avail-
able-slot counting is used if a transport block is included
on the PUSCH, and the physical-slot counting is used if
a transport block is not included on the PUSCH. In other
words, the UE may determine whether a first slot where
at least one of symbols indicated by a TDRA field over-
laps with a DL symbol or a symbol of an SS/PBCH block
is not counted as a second slot for a transmission of the
PUSCH or not, based on whether a transport block is
included on the PUSCH or not. For example, the first slot
is not counted as the second slot if a transport block is
included on the PUSCH, and the first slot is counted as
the second slot if a transport block is not included on the
PUSCH.

[0520] Alternatively or additionally, the metric may be
whether the value of the UL-SCH index field is set to "1"
or "0". For example, the available-slot counting is used
if the value of the UL-SCH index field in the DCl is set to
"1", and the physical-slot counting is used if the value of
the UL-SCH index field in the DCl is set to "0".

[0521] Yetalternatively or additionally, the metric may
be whether the value of the CSI request field indicates
another trigger state than no CSI request or not. For ex-
ample, the available-slot counting is used if the value of
the CSl request field indicates another trigger state than
no CSl request, and the physical-slot counting is used if
the value of the CSlI request field indicates the state cor-
responding to no CSI request.

[0522] Yetalternatively or additionally, the metric may
be whether the PUSCH is for CSl only or not. For exam-
ple, the available-slot counting is used if the PUSCH is
not for CSI only, and the physical-slot counting is used
if the PUSCH is for CSl only.

[0523] These methods may lead to a unified process-
ing for the CSl-only PUSCH transmissions with and with-
out AvailableSlotCounting configuration, and therefore
the processing complexity in terms of aperiodic CSI re-
porting may be reduced.

[0524] Inacase thatthe high-layer processing circuitry
does notacquire the first RRC parameterwhich indicates
that the available-slot counting is enabled, the UE may
always use the physical-slot counting. In other words, in
a case that the high-layer processing circuitry does not
acquire the first RRC parameter which indicates that the
available-slot counting is enabled, the UE may determine
the first slot is counted as the second slot, regardless of
whether a transport block is included on the PUSCH or
not. In a case that the PUSCH is transmitted in paired
spectrum, the UE may always use the physical-slot
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counting. In other words, in a case that the PUSCH is
transmitted in paired spectrum, the UE may determine
the first slot is counted as the second slot, regardless of
whether a transport block is included on the PUSCH or
not.

[0525] As an alternative way, in a case that the first
RRC parameter indicates that the available-slot counting
is enabled and the PUSCH is transmitted in unpaired
spectrum, the UE may use available-slot counting for de-
termination of a slot for a transmission of the PUSCH
withouta transport block and with an aperiodic CSlreport.
This is the same as for a transmission of the PUSCH with
a transport block and with an aperiodic CSl report or for
a multi-slot transmission of the PUSCH with a transport
block.

[0526] This method may lead to a unified processing
for available-slot counting for the PUSCH transmission
with a transport block and the CSl-only PUSCH trans-
mission, and therefore the processing complexity in
terms of slot counting may be reduced.

[0527] More details of UE procedure(s) for applying
transform precoding on PUSCH are described.

[0528] For a PUSCH scheduled by RAR UL grant, or
for a PUSCH scheduled by fallbackRAR UL grant, or for
aPUSCH scheduled by DClIformat 0_0 with CRC scram-
bled by TC-RNTI, the UE shall consider the transform
precoding either ’enabled’ or 'disabled’ according to the
higher layer configured parameter msg3-transformPre-
coder.

[0529] For a MsgA PUSCH, the UE shall consider the
transform precoding either’enabled’ or 'disabled’ accord-
ing to the higher layer configured parameter msgA-
TransformPrecoder. If an RRC parameter msgA-Trans-
formPrecoder is not configured, the UE shall consider
the transform precoding either 'enabled’ or 'disabled’ ac-
cording to the RRC parameter msg3-transformPrecoder.
[0530] The RRC parameter msgA-TransformPrecoder
indicates whether the UE enables or disables the trans-
form precoder for MsgA transmission.

[0531] For PUSCH transmission scheduled by a PD-
CCH with CRC scrambled by CS-RNTI with NDI=1, C-
RNTI, or MCS-C-RNTI or SP-CSI-RNTI, if the DCI with
the scheduling grant was received with DCI format 0_0,
the UE shall, for this PUSCH transmission, consider the
transform precoding either enabled or disabled accord-
ing to the RRC parameter msg3-transformPrecoder.
[0532] For PUSCH transmission scheduled by a PD-
CCH with CRC scrambled by CS-RNTI with NDI=1, C-
RNTI, or MCS-C-RNTI or SP-CSI-RNTI, if the DCI with
the scheduling grant was not received with DCI format
0_0, and if the UE is configured with the RRC parameter
transformPrecoder in pusch-Config, the UE shall, for this
PUSCH transmission, consider the transform precoding
either enabled or disabled according to this parameter
(i.e. configured transformPrecoder).

[0533] For PUSCH transmission scheduled by a PD-
CCH with CRC scrambled by CS-RNTI with NDI=1, C-
RNTI, or MCS-C-RNTI or SP-CSI-RNTI, if the DCI with
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the scheduling grant was not received with DCI format
0_0, and ifthe UE is configured with the RRC parameters
transformPrecoder and dynamicSwitchingTransform-
Precoder set to ’disabled’ in pusch-Config, the UE shall,
for this PUSCH transmission, consider the transform pre-
coding either enabled or disabled according to the RRC
parameter transformPrecoder.

[0534] "The DCI with the scheduling grant was not re-
ceived with DCI format 0_0" may mean that "the DCI with
the scheduling grantwas received with a DCI format other
than the DCl format0_0". Or "the DCI with the scheduling
grant was not received with DCI format 0_0" may mean
that "the scheduling grant was received with a configured
grant".

[0535] The RRC parameter dynamicSwitchingTrans-
formPrecoder indicates whether ornot the ‘transform pre-
coding indicator’ field is included in the DCI format
0_1/0_2. The 'transform precoding indicator’ field is used
for indicating whether or not the transform precoder is
enabled.

[0536] The RRC parameter dynamicSwitchingTrans-
formPrecoder may be configured as a common param-
eter for different DCI formats.

[0537] The RRC parameter dynamicSwitchingTrans-
formPrecoder may be configured for the DCI format 0_1
and the DCI format 0_2, respectively. In other words, the
RRC parameter dynamicSwitchingTransformPrecoder
corresponding to each of DCI formats may be configured.
If the UE is configured with the RRC parameters dynam-
icSwitchingTransformPrecoder corresponding to each of
DCI formats, the UE may assume that he 'transform pre-
coding indicator’ field may be included in the correspond-
ing DCI format(s), respectively.

[0538] Ifthe RRC parameter dynamicSwitchingTrans-
formPrecoder indicates 'enabled’, the 'transform precod-
ing indicator’ field may be included in the DCI format
0_1/0_2. Ifthe RRC parameter dynamicSwitchingTrans-
formPrecoder indicates ‘disabled’, the 'transform precod-
ing indicator’ field may not be included in the DCI format
0_1/0_2.

[0539] Ifthe RRC parameter dynamicSwitchingTrans-
formPrecoder is configured, the UE may assume that the
‘transform precoding indicator’ field may be included in
the DCI format 0_1/0_2. The RRC parameter dynamic-
SwitchingTransformPrecoder may indicate that the
‘transform precoding indicator’ field is included in the DCI
format 0_1/02, if provided.

[0540] If the RRC parameter dynamicSwitchingTrans-
formPrecoder is not configured/absent, the UE may as-
sume that the 'transform precoding indicator field may
not be included in the DCI format 0_1/0_2.

[0541] For PUSCH transmission scheduled by a PD-
CCH with CRC scrambled by CS-RNTI with NDI=1, C-
RNTI, or MCS-C-RNTI or SP-CSI-RNTI, if the DCI with
the scheduling grant was not received with DCI format
0_0, and ifthe UE is configured with the RRC parameters
transformPrecoder and dynamicSwitchingTransform-
Precoder set to 'enabled’ in pusch-Config, the UE shall,
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for this PUSCH transmission, consider the transform pre-
coding either enabled or disabled according to the DCI
‘transform precoding indicator’ field.

[0542] Alternatively, for PUSCH transmission sched-
uled by a PDCCH with CRC scrambled by CS-RNTI with
NDI=1, C-RNTI, or MCS-C-RNTI or SP-CSI-RNTI, if the
DCI with the scheduling grant was not received with DCI
format 0_0, and if the UE is configured with the RRC
parameters transformPrecoder and dynamicSwitch-
ingTransformPrecoder set to 'enabled’ in pusch-Config,
the UE shall, for this PUSCH transmission, consider the
transform precoding either enabled or disabled accord-
ing to the DCI ‘transform precoding indicator’ field, irre-
spective of the value of the transformPrecoder.

[0543] Alternatively, for PUSCH transmission sched-
uled by a PDCCH with CRC scrambled by CS-RNTI with
NDI=1, C-RNTI, or MCS-C-RNTI or SP-CSI-RNTI, if the
DCI with the scheduling grant was not received with DCI
format 0_0, and if the UE is configured with the RRC
parameters transformPrecoder set to ‘enabled’ and dy-
namicSwitchingTransformPrecoder set to 'enabled’ in
pusch-Config, the UE shall, for this PUSCH transmission,
consider the transform precoding either enabled or dis-
abled according to the DCI 'transform precoding indica-
tor’ field.

[0544] The UE may assume that the DCI 'transform
precoding indicator’ field is notincluded in the DCI format
00.

[0545] For PUSCH transmission scheduled by a PD-
CCH with CRC scrambled by CS-RNTI with NDI=1, C-
RNTI, or MCS-C-RNTI or SP-CSI-RNTI, if the DCI with
the scheduling grant was not received with DCI format
0_0, and if the UE is not configured with the RRC param-
eter transformPrecoder in pusch-Config, the UE shall,
for this PUSCH transmission, consider the transform pre-
coding either enabled or disabled according to the RRC
parameter msg3-transformPrecoder.

[0546] For PUSCH transmission scheduled by a PD-
CCH with CRC scrambled by CS-RNTI with NDI=1, C-
RNTI, or MCS-C-RNTI or SP-CSI-RNTI, if the DCI with
the scheduling grant was not received with DCI format
0_0 and if the UE is not configured with the RRC param-
eters transformPrecoder and dynamicSwitchingTrans-
formPrecoder set to ’enabled’ in pusch-Config, the UE
shall, for this PUSCH transmission, consider the trans-
form precoding either enabled or disabled according to
the higher layer configured parameter msg3 -transform-
Precoder.

[0547] For PUSCH transmission scheduled by a PD-
CCH with CRC scrambled by CS-RNTI with NDI=1, C-
RNTI, or MCS-C-RNTI or SP-CSI-RNTI, if the DCI with
the scheduling grant was not received with DCI format
0_0 and if the UE is not configured with the RRC param-
eters transformPrecoder and dynamicSwitchingTrans-
formPrecoder in pusch-Config, the UE shall, for this
PUSCH transmission, consider the transform precoding
either enabled or disabled according to the higher layer
configured parameter msg3 -transformPrecoder.
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[0548] For PUSCH transmission scheduled by a PD-
CCH with CRC scrambled by CS-RNTI with NDI=1, C-
RNTI, or MCS-C-RNTI or SP-CSI-RNTI, if the DCI with
the scheduling grant was not received with DCI format
0_0, ifthe UE is not configured with the RRC parameters
transformPrecoder and if the UE is configured with dy-
namicSwitchingTransformPrecoder set to 'disabled’ in
pusch-Config, the UE shall, for this PUSCH transmission,
consider the transform precoding either enabled or dis-
abled according to the RRC parameter msg3-transform-
Precoder.

[0549] For PUSCH transmission scheduled by a PD-
CCH with CRC scrambled by CS-RNTI with NDI=1, C-
RNTI, or MCS-C-RNTI or SP-CSI-RNTI, if the DCI with
the scheduling grant was not received with DCI format
0_0, and if the UE is not configured with the RRC param-
eter transformPrecoder in pusch-Config and if the UE is
configured with the RRC parameter dynamicSwitch-
ingTransformPrecoder set to 'enabled’ in pusch-Config,
the UE shall, for this PUSCH transmission, consider the
transform precoding either enabled or disabled accord-
ing to the DCI 'transform precoding indicator’ field.
[0550] The feature of the DCI 'transform precoding in-
dicator’ field may be realized by using the DCI field other
than ‘transform precoding indicator’ field. In other words,
if the UE is configured with the RRC parameter dynam-
icSwitchingTransformPrecoder set to 'enabled’ in pusch-
Config, a first value of a first DCI field may indicate that
the transform precoder is enabled, and a second value
of the first DCI field may indicate that the transform pre-
coder is disabled. The UE may assume that the value(s)
of the first DCI field included in the DCI format are asso-
ciated with whether or not the transform precoder is en-
abled.

[0551] If the base station provides the RRC parameter
dynamicSwitchingTransformPrecoder set to ’enabled’ in
pusch-Config, a first value of a first DCI field may be set
for indicating that the transform precoder is enabled, and
a second value of the first DCI field may be set for indi-
cating that the transform precoder is disabled.

[0552] For PUSCH transmission with a configured
grant, if the UE is configured with the RRC parameter
transformPrecoder in configuredGrantConfig, the UE
shall, for this PUSCH transmission, consider the trans-
form precoding either enabled or disabled according to
this parameter.

[0553] For PUSCH transmission with a configured
grant, if the UE is not configured with the RRC parameter
transformPrecoder in configuredGrantConfig, the UE
shall, for this PUSCH transmission, consider the trans-
form precoding either enabled or disabled according to
the higher layer configured parameter msg3-transform-
Precoder.

[0554] Here, "the dynamicSwitchingTransformPre-
coder is configured" may have a same meaning as "the
dynamicSwitchingTransformPrecoder set to ‘enabled’ is
configured". And "the dynamicSwitchingTransformPre-
coder is not configured" may have a same meaning as
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"the dynamicSwitchingTransformPrecoder set to 'disa-
bled’ is configured".

[0555] Each of a program running on the base station
device and the terminal device according to an aspect of
the present invention may be a program that controls a
Central Processing Unit (CPU) and the like, such that the
program causes a computer to operate in such a manner
as to realize the functions of the above-described em-
bodiment according to the present invention. The infor-
mation handled in these devices is transitorily stored in
a Random-Access-Memory (RAM) while being proc-
essed. Thereafter, the information is stored in various
types of Read-Only-Memory (ROM) such as a Flash
ROM and a Hard-Disk-Drive (HDD), and when neces-
sary, is read by the CPU to be modified or rewritten.
[0556] Note that the terminal device 1 and the base
station device 3 according to the above-described em-
bodiment may be partially achieved by a computer. In
this case, this configuration may be realized by recording
a program for realizing such control functions on a com-
puter-readable recording medium and causing a compu-
ter system to read the program recorded on the recording
medium for execution.

[0557] Note thatitis assumed that the "computer sys-
tem" mentioned here refers to a computer system built
into the terminal device 1 or the base station device 3,
and the computer system includes an OS and hardware
components such as a peripheral device. Furthermore,
the "computer-readable recording medium" refers to a
portable medium such as a flexible disk, a magneto-op-
tical disk, a ROM, a CD-ROM, and the like, and a storage
device builtinto the computer system such as a hard disk.
[0558] Moreover, the "computer-readable recording
medium" may include a medium that dynamically retains
a program for a short period of time, such as a commu-
nication line that is used to transmit the program over a
network such as the Internet or over a communication
line such as a telephone line, and may also include a
medium that retains a program for a fixed period of time,
such as a volatile memory within the computer system
for functioning as a server or a client in such a case.
Furthermore, the program may be configured to realize
some of the functions described above, and also may be
configured to be capable of realizing the functions de-
scribed above in combination with a program already re-
corded in the computer system.

[0559] Furthermore, the base station device 3 accord-
ing tothe above-described embodiment may be achieved
as an aggregation (an device group) including multiple
devices. Each of the devices configuring such an device
group may include some or all of the functions or the
functional blocks of the base station device 3 according
to the above-described embodiment. The device group
may include each general function or each functional
block of the base station device 3. Furthermore, the ter-
minal device 1 according to the above-described embod-
iment can also communicate with the base station device
as the aggregation.
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[0560] Furthermore, the base station device 3 accord-
ing to the above-described embodiment may serve as
an Evolved Universal Terrestrial Radio Access Network
(E-UTRAN) and/or NG-RAN (Next Gen RAN, NR-RAN).
Furthermore, the base station device 3 according to the
above-described embodiment may have some or all of
the functions of a node higherthan an eNodeB or the gNB
[0561] Furthermore, some or all portions of each of the
terminal device 1 and the base station device 3 according
to the above-described embodiment may be typically
achieved as an LS| which is an integrated circuit or may
be achieved as a chip set. The functional blocks of each
of the terminal device 1 and the base station device 3
may be individually achieved as a chip, or some or all of
the functional blocks may be integrated into a chip. Fur-
thermore, a circuit integration technique is not limited to
the LSI, and may be realized with a dedicated circuit or
ageneral-purpose processor. Furthermore, in a case that
with advances in semiconductor technology, a circuit in-
tegration technology with which an LSl is replaced ap-
pears, itis also possible to use an integrated circuit based
on the technology.

[0562] Furthermore, according to the above-described
embodiment, the terminal device has been described as
an example of a communication device, but the present
invention is not limited to such a terminal device, and is
applicable to a terminal device or a communication de-
vice of a fixed-type or a stationary-type electronic device
installed indoors or outdoors, for example, such as an
Audio-Video (AV) device, a kitchen device, a cleaning or
washing machine, an air-conditioning device, office
equipment, a vending machine, and other household de-
vices.

[0563] The embodiments of the presentinvention have
been described in detail above referring to the drawings,
but the specific configuration is not limited to the embod-
iments and includes, for example, an amendment to a
design that falls within the scope that does not depart
from the gist of the present invention. Furthermore, var-
ious modifications are possible within the scope of one
aspect of the present invention defined by claims, and
embodiments that are made by suitably combining tech-
nical means disclosed according to the different embod-
iments are also included in the technical scope of the
present invention. Furthermore, a configuration in which
constituent elements, described in the respective em-
bodiments and having mutually the same effects, are
substituted for one another is also included in the tech-
nical scope of the present invention.

Claims
1. A user equipment (UE) comprising:
high-layer processing circuitry configured to ac-

quire atleast afirst RRC parameterforindicating
whether or not a transform precoder is enabled
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and a second RRC parameter for indicating
whether or not a transform precoding indicator
field is included in a DCI format,

reception circuitry configured to receive the DCI
format for scheduling of a PUSCH, and
transmission circuitry configured to transmit the
PUSCH scheduled by the DCI format,

wherein

in a case that the first RRC parameter indicates
disabled and the second RRC parameter indi-
cates that the transform precoding indicator field
is included in the DCI format, the transmission
circuitry is configured to apply a transform pre-
coding for a transmission of the PUSCH, based
on a value of the transform precoding indicator
field in the DCI format.

The UE of Claim 1, wherein

in a case that the first RRC parameter indicates dis-
abled and the second RRC parameter indicates that
the transform precoding indicator field is notincluded
in the DCI format, the transmission circuitry is con-
figured to apply a transform precoding for a trans-
mission of the PUSCH, based on a value of a third
RRC parameter.

The UE of Claim 1, wherein

in a case that the first RRC parameter indicates en-
abled and the second RRC parameter indicates that
the transform precoding indicator field is included in
the DCI format, the transmission circuitry is config-
ured to apply a transform precoding for a transmis-
sion of the PUSCH, based on the value of the trans-
form precoding indicator field in the DCI format.

A base station comprising:

higher-layer processing circuitry configured to
provide at least a first RRC parameter for indi-
cating whether or not a transform precoder is
enabled and a second RRC parameter for indi-
cating whether or not a transform precoding in-
dicator field is included in a DCI format,
transmission circuitry configured to transmit the
DCI format for scheduling of a PUSCH, and
reception circuitry configured to receive the
PUSCH scheduled by the DCI format, wherein
in a case that the first RRC parameter indicates
disabled and the second RRC parameter indi-
cates that the transform precoding indicator field
is included in the DCI format, the transmission
circuitry is configured to transmit the DCI format
including the transform precoding indicator field
and the reception circuitry is configured to re-
ceive the PUSCH with a transform precoding
applied based on a value of the transform pre-
coding indicator field in the DCI format.
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5. A method for a user equipment, the method com-
prising:

acquiring at least a first RRC parameter for in-
dicating whether or not a transform precoderis %
enabled and a second RRC parameter for indi-
cating whether or not a transform precoding in-
dicatorfieldis included in a DCl format, receiving
the DCI format for scheduling of a PUSCH, and
transmitting the PUSCH scheduled by the DCI 70
format,
wherein
applying a transform precoding for a transmis-
sion of the PUSCH, based on a value of the
transform precoding indicator field in the DCl for- 75
mat, in a case that the first RRC parameter in-
dicates disabled and the second RRC parame-
ter indicates that the transform precoding indi-
cator field is included in the DCI format.
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Figure 14
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( Start )

Step 1901) Acquiring a first RRC parameter.

v

Step 1902) Transmitting a PUSCH in multiple slots.

End
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Figure 19
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( Start )

Step 2001) sending a first RRC parameter.

A4

Step 2002) receiving a PUSCH in multiple slots.

End
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Figure 20
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Row PUSCH

index | mapping type Kz S L
1 Type A j 0 14
2 Type A j 0 12
3 Type A j 0 10
4 Type B j 2 10
5 Type B j 4 10
6 Type B i 4 8
7 Type B j 4 6
8 Type A j+1 0 14
9 Type A j*+1 0 12
10 Type A j+1 0 10
11 Type A j+2 0 14
12 Type A j+2 0 12
13 Type A j+2 0 10
14 Type B i 8 6
15 Type A j+3 0 14
16 Type A j+3 0 10

Figure 24
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